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PART I 
INTRODUCTION 
Eelgrass forms the most important seagrass system 
in the north temperate latitudes (Phillips, 1974). It 
creates a complex habitat, filling several functional 
roles in coastal ecosystems. Zostera marina provides 
microl1abitats for animals, substrate for epifauna and 
epiphytes and protection for many species, especially 
juvenile forms. It also serves to stabilize bottom 
sediments, reduce shore erosion and acts as an important 
source of organic detritus (Orth, 1973; Adams and Angel-
ovic, 1970; Cottam and :Hunro, 1951.1.; Addy and Aylward, 
· 1941!:}. Eelgrass is w·idely. distributed in temperate 
'~aters. It is fatmd in the Atlantic and Pacific Oceans 
and rarely in Mediterranean l~aters. Zostera occu~s as 
-
dense meadOl'YS in sandy mud :from extreme low intertidal 
to about 11-meters deep (Rasmussen, 1973; NcRoy, 1968). 
Little quantitative data is av~~lable on any major 
:faunal portion o:f the eelgrass co~nunity in North 
America (Allee, 1923; Nagle, 1968; Marsh, 1973; Orth, 
1973) and only one study was on the California coast 
(MacGinitie, 1935). 
Nost documentation in the literature o:f the effects 
of' removal o:f Zostera marina on its associated in:fauna 
is in reference to the severe natural destruction o:f 
eelgrass vegetation on the European and North American 
coasts during the early 1930's. No quantitative exper-
• 
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imental data exists which pertains to this problem. 
Several studies have measured abundance or pro-
ductivity of Zostera plants over a seasonal cycle (Narsh, 
1973; McRoy, 1970; Nixon and Oviatt, 1972;-Backman and 
Barilotti, 1976; Penhale, 1977) and it is prestimed that 
the presence_ of dense eelgrass grow·t:h considerably in-
fluences the respiratory and food condi tio_ns of' the 
benthic faun.a beneath the Zoste~ plants (Rasmussen, 
1.973). However, no studies have attempted to relate 
abunda~ce of ~tera plants to species abundances of' 
the benthic community within an eel.grass bed. 
The objectives of the present study are to: 
1.) Describe the macro-invertebrate species composition 
and seasonal changes in abu...""ldance of the benthic in-
fauna l'lithin an eel.grass bed; 2) Observe what immedi-
ate efi'ects occur to the benthic conuuw1i ty as a resul. t 
of experimental removal of' eelgrass plants from plots 
within ·the Zostera bed; 3) Measure~ the seasonal. 
variation of eel.grass turion length over an annual 
cycl.e and determine its correlation to biomass (dry 
weight); 4) Examine, by means of fiel.d experiments, 
the importance of incident solar irradiation in affecting 
the seasonal growth of Zostera; and 5) Determine the 
relationship, if' any, betw·een the abundance of' major 
invertebl~ate species and the abundance of eelgrass as 
determined by mean turion length. 
PART II 
BENTHIC INFAUNA AND EELGRASS CLEARING E~PERIMENTS IN 
THE ZOSTERA BED. 
Methods 
The study area is a large Zostera marina bed 
adjacent to an intert.idal sand:flat, known -locally as 
Lawson's Flat, near the mouth of' Tomales Bay, !-farin 
County, California. The flat lies at approximately 
38°14 1 00' 1 north latitude by 122°57'30'' west longitude 
and is described in detail by Johnson (1965, 1967a, 
1967b and 1970). The tides are a mixed diurnal type 
with a mean range of' 1.1 meters and a maximum range o£ 
3· meters (Johnson, 1965). 
The Zostera meadow· is extensive and lies off' the 
southeast bank of' the :flat where the eelgrass grm~s in 
the sandy-mud substratum at a tidal level of' approxi-
3 
mat ely -2 .o' • It can be reached by l'7ading '~hen the water 
level is below -0.5'• The study area is in a relatively 
flat area with little slope. The eelgrass here is never 
fully exposed: even at the lo,.,est tides it is still 
covered by 0 .. 5-1.0 :f'eet of water. Zostera is usuall.y 
found at its greatest abundance at this depth range 
in California waters (Backman and Barilotti, 1976; Kel-
ler and Harris, 1966) (Figure la). 
A 100-rneter transect l'l'as established along the upper 
limit of the Zostera bed, extending in an approximate 
... 
122° 5?' 00' t 
· · _)Pacific Marine Station 
38° 15'00' t •.••••••••• f·~···· 
. . : . 
· · Study Area 
Pacific 
Ocean 
12•30''··········· 
N 
1 2 miles 
Figure la: Location of Tomales Bay and study area~ 
-J.Q' TIDE 
LEVEL 
N 
1 
---t> 
UPPER LIMIT 
OF ZOSTERA 
--==!> 
~ . 
. . 
Figure lb: Study area at Lawson's Flats, showing 
location of 100 m. transect, exp~rimental clearings 
5 
(A and B) and experimental irradiation reduction quadrats 
(Controls 1, 2 and 3 and Canopi.es X, Y and Z) (experi-
mental quadrats not to scale). 
6 
northeast-southwest direction (Figure lb). The particu-
l.ar area of' study lies on the south side of this transect 
and extends 20 meters into the bed. 
Sampling of the benthic fauna within the Zostera 
bed started in June 1975 and continued at 3-month inter-
vals for one year. On each sampling date, ten randomly-
-· 
located core samples, 10 em. in diameter and 18 em. 
deep, were collected from '\d thin the transect area. 
Tl'f'O randomly-located experimental plots within the 
study area were cleared of Zostera marina in July 1975. 
Each experimental clearing was four square meters in 
area. ·All eelgrass plants in each clearing w·ere cut at 
the base of' the stalk and removed, leaving the roots 
artd sediment intact. Surrounding eel.grass was thinned 
to prevent overlay during l.m~ tides. The clearings 
w·ere checlced monthl.y to remove any new growth of Zostera 
(which did not appear). Algae which eventuall.y colonized 
the clearings were l.eft intact. 
Sampl.ing in the experimental clearings started in 
September 1975 and continued at 3-month intervals on the 
same dates as above for the durf,ltion of the study. Two 
randomly-located core samples were collected from each 
clearing in September 1975; thereafter, three samples 
per clearing were taken at each sampling. Sample times 
and sizes are given in Table A-1 (Appendix A). 
All core samples co1lected were brought back to 
the lab and sieved in a 0.5 mm. mesh sieve with sea· 
7 
water. Animals retained on the screen l~ere anesthetized 
with 0.15% propylene phenoxytal, fixed in 20% formalin 
and rose bengal stain to facilitate picking and preserved 
in 70% alcohol a:f'ter sorting and counting. Identifi-
cation to species was made under a dissecting micro-
scope using keys in Smith and Carlton (1975) f'or ref'er-
eftce. All statistical calculations were perf'ormed on a 
\vang 500 programmable calculator. 
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Results 
The presentation of these results consists of four 
parts: 1) Species List, 2) Community diversity para-
meters, 3) The eleven most abundant species within 
the Zoste~ bed and 4) Other species always present 
within the Zostera bed. 
Raw data is given in eleven species rank-by-
abundance tables in Appendix A. The :first t·wo tables 
repres~nt species abundances pooled over the entire 
study for w·ithin the Zostera bed and :Cor the experi-
mental clearings (data from both clearings pooled). 
The :following tables list the species sampled in each 
area {within Zostera, experimental clearings) for each 
sampling date. 
Conununity diversity parameters and the eleven 
most abundant species within the Zostera bed were 
analyzed by single-classification analyses of vari-
ance (1-w·ay ANOVA) over time for within Zostera and 
f'or the experimental ~learings and by paired compari-
sons of means using the Student's t-test (Sokal and 
Rohlf', 1969). A summary of' these analyses is f'ound in 
Table I. Hean abundances per sample, variances and 
results of the analyses are given in Appendix B. The 
data i.s converted to mean abundances per square meter 
by a multiplication factor of 127.35. 
Heans and 95% confidence inter.....-als are graphed 
over time in Figures 2-15~ 
Species List 
A total of' 76 species were collected from w·i thin 
the Zostera bed and from the experimental clearings 
9 
over the entire period of' study (Tables A-2 and A-3) in-
cluding 29 species o:f. polychaetes~ 30 arthropods, 12 
of' '-rhich ,.,ere gammarids and 8 molluscs. Five species 
were indeterminable. 
Seventy-t'l'lO species l<tere collected from 1'li thin 
the Zos·~ bed over the entire year, including 34 
which were ah·mys present in the Zostera bed during 
the study period and 19 l'lhich were not found at any 
time in either of' the experimental clearings (Table A-2). 
Fifty-seven species l'lere collected from the experi-
mental clearings during the study (Table A-3). Nine o:f 
these were found only in clearing A and nine only in 
clearing B. Four of the species found in the clearings 
were not present within Zostera at any time during the 
year:. Amphithoe lacertosa (Gammaridea), Crango~ 
ni&~cauda (Decapoda), Macoma balthica (Bivalvia) and 
Synchelidium rectipalmum (Gammaridea). !::.• lacertosa 
was present in only one sample, represented by eight 
individuals. The other three were each represented by 
only one individual so that their appearances in the 
experimental clearings and not 1d thin Zostera may be 
due to their rarity rather than any treatment effects 
(ie. removal of eelgrass). 
• 
10 
Several species usually found on or among eelgrass 
blades were also found in benthic core samples. They 
·.included Caprella_calif'ornica, £• laeviuscull!, Idotea 
resecata, .!.• urotoma, Heptacarpus paludicoll\t Hip-eolyte. 
californiensis, Pandalas danae and Phyllaplysia taylori. 
11 
Community Diversity 
Number ,of ~ndividuals per sample (Tables Bl-B3). 
Abundance data for all species in the Zostera bed 
were pooled_for each sampling time. Abundances of all 
individuals pooled over all species for e~ch sampling 
time in the Zostera bed did not vary significantly 
over time (1-way ANOVA) (Figure 2a). Ho'\rever, similarly 
determ~ned abundances of individuals in the clearings 
changed significantly over time (1-way ANOVA, p<.OOl) 
(Fig·u.re 2b). Total abundance of all individuals of al.l 
species pooled for all sampling dates from September 
J.975-June 1976 in the Zostera bed (X=340.5) and in the 
---·---
clear.ings (X:::223 •'8) ,,rere significantly different ( t-
These results show that removal of the eelgrass 
resulted in a significant decrease in the total number 
of individuals in the benthic commw~ity while abundance 
in the uncleared area remained relatively stabl.e. 
Number of species (n~l, 2 and 5) Eer samp~ (Tables B~-
Bl2) .. 
The total number of species per sample (n~l), the 
nl.unber of species represented by tw·o or more individuals 
" (n~2) and the number of species represented by five or 
more individuals (n~5) '\-rere determined t'or each sampling 
date" The numbers of' species (n';?!l, 2 and 5} ldthin 
Zostera did not vary signi:f'icantly over time (1-way ~---....;._ 
ANOVA) (F'igure 3a) l-rhile the numbers of species in the 
experimental clearings decreased signi:f'icantly over 
time (1-way ANOVA, p<.Ol, .001 and .001, respectively) 
(Figure 3b) ~ Total numbers of species (n~l, 2 and 5) 
pooled for all sample dates from Septembe~ 1975-June 
1976 in the Zostera bed (X=25.6, 17.8 and 9.9, respec-
tively) and in the experimental clearings {X= 21.6, 
12 
14.5 a~1d 7.6, respectively) l'lere all signi:f'icantly 
higher in the Zostera bed tharl in the clearings (t-tests, 
p<.OOl, .001 and .01, respectively). 
These results show that the removal of: Zostera 
plants in the exp_erimental plots resulted in a sig-
nif'icant decrease in the numbers of:. species in the 
benthic community l'lhile the numbers of' species w·ithin 
the eelgrass bed remained stable. 
Specie.s diversity H(s) per sample (Tables Bl3-Bl5) ~ 
Species diversity, as a measure of the structure 
of: a community, is a function of' the number of' species 
present and the eveness of distribution of' individuals 
among these species and should thus reflect changes in 
the community. 
Mean Shannon-\veaver diversity indices, 
s 
H(s) = -.E1 p. log p. l.= l. l. 
were calculated :f'or each sampling date f'or within 
" 
1.3 
eelgrass and for the experimental clearings. }iean species 
diversity did not vary significantly over time within 
Zostera or in the experimental clearings (1-l'fay ANOVA) 
(Figure 4) nor lrere the mean species diversities pooled 
over all sample dates from September 1975-Jtme 1976 
"'rithin eelgrass and in the clearings significantly dif'-
f'erent. 
It is concluded that the removal of eelgrass did 
not have any appreciable effect on the total species 
diversity in the experimental clearings as compared to 
that w·ithin the Zostera bed, although the nwnber of' 
individuals of all species per sample and the number 
of species per sample were markedly and significantly 
decreased by th~ clearing of' Zostera. 
Figure 2: Nean nwnber o'f individuals per sample 
over time (a) ,.,ithin Zostera bed and (b) in experimental 
clearings. Vertical lines represent the 95% con'fidence 
intervals. Horizontal das~ed lines represent means o'f 
data pooled over all sample dates (a) 1d thin Zostera 
(N=50) and (b) in the experimental clearings (N:22). 
ANOVA results shm., a signi'ficant change in abundance 
over time in the clearings (p<.OOl) but not within 
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results show no significant changes over time in specids 
diversity 1d thin ~st~ or in the clearings. 
17 
'J.'he g1even :Most Abundant Species Hi thin 
'rhese eleven species w·ere the most abundant, by 
ntunber, in the benthic conununi ty 1ri thin the Zos.t..£"!='.<.:.. bed 
over the entire period of s·tudy. They are: Exo£i.Ol!..~ 
mastus tenuis() These species composed BL.~:.6 per cent of 
-~·-""""""""- __.........._...,..__....,. 
the t.o·tal fauna by ntunber and include approximately one-
third of the species which w·ere ah-tays present w·i thin 
the eelgrc.ws bed (Table A-2). They usually all ranked 
among tho top 15 species in abundance in every month 
sampled (Tables A-li, A-5, A-7, A-9 and A-11). The fou:r 
exceptions were: P. bicanaliculata ranked 27th of 47 
.._ ~--.,;------ .... _. 
specie.s. in June 1975 and 44th o:f. 50 species in June 1976; 
in December 1975 ~ e• E.!:.~Y::~~ ranked 27th and ~· .1.~2..ifl 
ranked 20th of 52 spt1c:tes. 
These same eleven species w·ere also found to be .. 
the eleven most abundant species in the experimental 
c.learings over the entiTe study (September 1975-J.une 
1.976)., They composed B9 .. 5 per cent of the total f'auna 
by number in the clearinr;s o TlH~Y w·ere all present in 
one or both of the clearings in every month samp1ed 7 ex-
18 
in either of the experimental communi ties in Jw1e 1976., 
But for this exception, they always ranked among the 
top 17 species, by ntunber, inevery month sampled (Tables 
A-3, A-6, A-8, A-10 and A-12). 
These eleven species i'lere therefore chosen for de-
tailed stastical. and {;raphical analyses of their· abun-
dances over time in describing the ben-thic inf'm.ma of 
the Zostex.~ bed and in presenting the J.~esults ot· the eel-
grass clearing experiments in the field. 
]. ., NumbJr ?t;. Exogone lm.~~i per smn£!~ ('rables Bl6-Bl8). 
This syllid polychaete is found commonly living in 
tubes :i.n sandy mud or in::dde the stolons of Entero-
.. :r....---.. 
mor:eha.,. It is an herbivore,. The adults brood ·their 
young on the ventral surface from June to September 
(Blake , 1975) • 
Abundance of §_. lo.':l!'"~.i. did not vary significantly 
over time wi·thin the eelgrass bed ( 1-·N·ay ANOVA) (Figure 
5) .. Ho>.;ever, the variation in abundance of Exos.?.~2. in 
the experimental cJ.earings OVer time 1-fO.S significant 
(J..~i-ray ANOVA, p< .. OOl). A marl~ed decrease in abundance .• 
1ras evident in the clearings after December 1975 (Figure 
5).. Total abtmdance of' §,. l~~E"~ pooled fo~ all sample 
dates from Septembe:c 1975-Ju.ne 1976 'dthin the ~..0.~!.££~ 
bed (X::= 111.1: .. 4.) 1-ras significantly higher /than t,he. sim-
ilarly determined abundance of ~$.2,~ in the experi-
mental clearings (i: 74.4) (t-test, p<QOl)~ 
These results show that the r~moval 0f eelgrass 
Figure 5: 1-1ean number of' §l<=.~E!, loure-d per sample 
over time lvi thin ~o.s:!:2!.:.a. bed and in the experimental 
clearings. Vertical lines represent 95% conf'idenc9 
intervals and dashed horizontal line repres~nts moan 
t:or da"ta pooled over all sample dates within Zoste...!!.:!, 
{N:::50) .. , ANOVA resu.lts indicate a signi:ficant change in 
abundalil:c·e of E., lourei over time in the clearings (p<.,OOl) 
-- : ..... -·-.c~ 
l~hile the abundance l'Ti thin Zostera remained stable o 
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caused a significant decrease in the abundance o:f 
!t£og~!!,£ 12.~ in the experimental benthic communi·ty 
which w·as not observed "tdthin the Zostera bed,. 
.._.....---~ noodl 
(Tables B19-B21)o 
'l'his capitellid polychaete is a common bu.rrm-rer 
and deposit-feeder on sandy mudflats at the lower tidal. 
levels. It is usually associated with the capite11id 
Notomastus tenuis and occurs from the surface of the 
_..._....,_ ..... ~ .... - __ ... 
flat to depths of 26 em. (Johnson, 1967a). 
Abundance of t!o ~.!!:.li-.f.2rnt_~sj:..~. varied significantly 
over time both 1d thin ~.2E.~£~ and in the e::...'"Perimental 
clearin,gs (l··way ANOVA, p<.-001 and ,.001, respectively) 
(Figure 6) .. · Hi,<5hest ahund.ances within the eelr~:rass 
bed and in the clearings 1rere observed in September 
1975 (X::: 92.-5 and 102.5, respectively) and low·est 
abundances w·ere in Narch 1976 (X= 7 .. 9 and 3 o 7, respec-
tively). Total abundances of~· ~~Li\o}:~~~si~ pooled 
over all sampling dates from September 1975- June 1976 
w·ithin Zostera and in the clearings ·were not signi:fi~w '' 
-~-
cantly di.:f:f.'erent { t-test) ~> 1-Iow·ever, in Juiw 1976 ·there 
1ras a significantly higher abundance of :t-1ediomastus in 
.... _., ... _,, __ -- . ~
the experimental clearings (X::: L.1:2 .. :; ) than 'i'fi thin the 
Zos'l::.era bed .(X:: '1., 9) ( t-tes t, p ... : .. os) ... 
-~----...-~ 
It is concluded that the removal ot: eelgrass in 
the experimental. clearings·did not have any marked e:f-
:f.'ect on the. normnl abtu:tdance pattern of· Ji1 e cali:forn:i.en ... 
..... '~·-to--_,..._ ...... ~.
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o within Zostera 
o clearings 
J S D M 
Sample Months, 1975 -76 
Nean number of· Hediomastus californiensis ~~---- --------------
per sample over time within ~~~ and in the e:xperi-
mental clearingso Vertical lines represent 95% confi-
dence intervals and the dashed horizontal line represents 
mean for data pooled over all sample dates within Zoster!:. 
(N=50)o ANOVA results show significant changes in abundance 
over time 'td thin Zost~ ( p< .,001) and in the experimental 
clearings (p<oOOl)e 
22 
..§1~ obser·ved in the benthic corm:1w1i ty w·i thin Zoster<.\, 
except during June J.976 1rhcn ·the ab1.mdance 1ms appre-
ciably higher in the clearings. 
3· Number of Aoroides colwnbiae 2cr ~ampl~ (Tables B~ 
This gammarid amphipod builds tubes among roots, 
algae and holdfasts and scavenges for its food from 
detritus and debris (Barnard, 1.975) .. 
Abundunces of A. columbiae 1...-i thin the Zostera bed 
-
changed significantly over . time l'lhile abundances in 
the experimental clearings did not ( 1-iray ANOVA, p<:::,.OOl) 
(Figu.re 7). Highest abrmdan~es 1d thin ~os;te~ w·ere ob ... 
served in June 1975 (X:: 48.:.6) and Jw1.e 1976 (X=: 68o2) 
and , the low·est abundance 1'Yas in Hnrch 1976 (X= 22 .o) 
{Fi~ure 7a). Total abWLdance of~~ columbiae pooled 
for all sample dates from September 1975- Jrme 1976 ~1as 
significantly higher lri thin Zostera (X= .33 .1) than in 
areas cleared of eelgrass (~= 17o8) (t-test, p<.Ol)o 
Although the abrmdances of: A. columbiae in the exp.eri-- _____ ..,._ 
mental commrmi ties w·ere not significantly different 
from those w·ithin Zostera during the months of' Septer.tbcr, 
December and Harch, there 1\"as a mar·h:ed and signif-
icant decrease in mean abundance in both clearings in 
Jtme 1976 in contrast to the high t~tean abundance of' !:::.• 
These results shm., that the removal of' eelgrass 
) 
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f.'igu.re 7: Mean number of' Aoroides c.olumbiae per --- ___ _,__..... 
sampJ.e over time (a) withj.n Zostera and in the clearings 
and (b) in each experimental clearing (A and B). 
Vertical lines represent 95% confidence intervals and 
dashed horizontal lines represent means for data 
pooled over all sample dates (a) within Zostera (N=50) 
~and~(bJ in tha clear~ngs (N:22)~ ANOVA results show 
significant changes in abundance' of' !!,e £O,l~i.~ over 
time within Zostera (p<eOOl) but not in the experimental 
cleari.ngs_. 
.. 
plants ef':fected a change in the abundance pattern of' 
A2X:£..i~!.€_).~ .£.2.1£mbif~;e_ .. in the experimental benthic conmm-
ni ties which was not observed 1d thi.n ·the ~ste:.-!:..a. bed. 
B27) • 
This is another gammarid amphipod which builds 
tubes in algae and scavenges among detritus f'or f'ood 
(Barnes, 1968). 
'rhe . change in abundance of' f:hotis brev:i£~. over 
time was significant 1d thin the Zoster~ bed (p<: .. 005) 
but not in the experimental clearings (1-uay ANOVA) 
'(FigUre 8).. Lm~est abundance of' E.• E.~.Y2:.£~ in the 
benthic conmnmi ty 'd thin the ~~-'S!::..:S.0. bed l'l'as in Decem-
her 19"15 (X:_ 0,.8) anc..l h:ighest abundfl.nce ~·ras in ~1a:cch 
1976 (X::.: 54.6)., Total abundance pooled for all sample 
dates :from September 1975- June 1976 was signif'icantly 
higher w·ithin Zostera (X= 23o8) than in the experimental 
-~--
commu11.i ties (X= B .6) ( t-test, p<".05). 
These results show that the removal of' eelgrass 
in the experimental areoH1s caused a significant decrease 
" 
in the abundance of' Pho~ii ~Yi£~ as compared to the 
abundance patte:rn observed in the benthic conmlUnity 
within the eelgrass bed .. 
;\x:Lr,thel.l<.\ is 
.,,.., .... ..,.,..OJ>""' -uu ----
a very con~on maldanid polychaete 
Figure 8: Mean number of thot~~ £!2~iE~~ per 
sample over time 1·d thin ~.!:_!.e:r_~ and in the experimental 
clearings. Vertical lines represent 95% confidence 
intervals and dashed horizontal line represents mean 
for data pooLed over all sample dates within Zostera 
...;;...;....-.....;$ ............. 
{N:::50).. AN OVA results show· a significant change in 
but not in t~e clearings. 
80 .. 
70 
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in bays and estuaries. It is a deposit-feeder and builds 
tubes in hard··packed muddy sands, occtu•ring :from the 
su.rf'ace o:f the flat to depths o:f 16 em. (Johnson, 1967a; 
Kud~Jnov, 19'17). ·rhe smallest individuals are :found at 
shallm'J" depths 1rhile the large ones are deeper below the 
surface and probably escape the sampling core used in 
this study. 
Abundances of: !io rubrocin~ did not change signi£-
icantly over time within the '!oste.J;:,~ bed or in the experi-
mentaJ. clearings (1-way ANOVA) (Figure 9). In December 
1975 and ,June 1976 abundances of ~.i_o,th,el_;,!_~ within 
Zostera 1-rere significantly higher than in the clearings 
....... _..,.,.__......-..,. 
( t-~test, p< .. 05 and .c05, respoctively). Total abtmdance 
p<.)OJ.c~d i'or all sample dates from September 1975- June 
1976 ·within Z..l?.§.t~ (X::: 19.0) was significantly dif'f'erent 
from· similarly determined abundance in the experimental 
clearings (X:.:: 8.8) ('!;.-test, p< .• OO.l) o 
These results sho1-r that the removal o£ Zostera 
--
plants in tlw experj.mental communi·ties caused signif'i-
cant overall. decreases in the abundance of' A~ rubrocincta 
-- _.__. .. ..,..'!: .......... _..... 
as compm:·cd to the ablmdance observed ·w·i thin the Zostera 
--. ----
bed., 
£J..£?~1.i~ l'~~~et;~l!.~. is a small, primitive filter-
feeding ma1acostracan~ It eats organic detritus. and is. 
occasionally abtmdant in pools and in or under. Ulva. 
----~ 
lt'igure 9: Nean number of' Axiothella rubrocincta 
-----
per sample over time (a) within ~~ter~ bed and in the 
experimental clearings and (b) in each clearing (A and B)., 
Vertical lines represent 95% confidence intervals and 
dashed horizontal line represents mean of' data pooled 
ovt~r all sample dates lrithin ~~!,.£,~ (N:::50)., ANOVA 
results· indicate no signif'cant chanies in abundance of 
!_ .. ~~ over time w·i thin ~~ or in ·tho 
experimental clearings. 
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f~::.tcromorp~ and £.<2.~.t<n:~ of mudflats,. The eggs arc 
brooded on the thoracic legs of the female (Nc·h'lnan, 
1975). 
Abundance of £!.• pusettensis decreased signifi-
cantly over time in the benthic communities. of the 
experimental clearings ( 1-w·ay ANOVA, p<.005) i'lhile no 
significant change in abundance i·ras observed 1'li thin 
~.ter~ (Figure 10) ~· Total abundance of !!.• Eugette_E~ 
pooled over all sample dates from September 1975- June 
1976 iras significantly higher id thin ~C?_st~ (X = 18.5) 
than in the cleared areas (X= 6.3) (t-test, p<.Ol)~ 
These results shm'f' that the removal of' eelgrass in 
the experimental clearings caused a marked and signif-
icant overall decrease in the abundance o:f NeE._~ ~..: 
tenf:ds in the benthic comr.mni ty IV'hich iras not observed 
,.,i thin eelgrass., 
7. Number o±:._Lytochelia d.ubia per samplE;_ (Tables B34-
he.,.~nto_q,he.l.~ ~ub:i.a_, of the crustacean order Tan<:"d-
dacea, lives in small tubes on the surface, among algae 
and in pools of sandflats. It is a selective filter-
feeder, although it can supplement its diet by rap-
torial means (Barnes, 1968; Hiller, 1975). 
The abundance of L .. dubia changed significantly 
.... . ·- --·· 
over time in the benthic community Hithin the eelgrass 
29 
bed ( 1-way AN OVA 9 p <.025) but not :Ln. the experimental 
communi ties (Figure 11).. Total abundances of' h~t.2-
~~ pooled over all dates from September 1975~ June 
1976 f'or within the Z,ost,er~ bed (iC:: 10.8) o.nd f'or exper-
imental clearings (X= 9 .1) ·were not signi:f.ica.ntly di:t."-
ferent {t-test 9 p<.05). 
These results suggest that, although in December 
1975 the abundance of ~ochelia was greater in the 
experimental benthic communi ties than 1-d thin the eel-
grass bed, the abundances of' this species w·ere similar 
in their patterns of' variation throughout the study 
,.,i thin eelgrass and in the clearings. H.emova1 of the 
eelgrass appears to have had no appreciable effect on 
the abw1dance of b.• !t~!?J.....!!. in the experimental benthic 
communities. 
B37-B39). 
This caprellid amphipod lives primarily on eelgrass. 
It f'eeds on diatoms on the L~s.t.er~ blades and bits of' 
debris in suspension, and predates on hydroid polyps,. 
bryozoans and other small invertebrates among and on 
the eelgrass (Barnes, 1968). 
The abtmdances of C.. calif'ornica in the benthic 
~ ----.-as 
community changed signi:ficantly over time in the expe:r.i-
m(~ntal c.lear:ings ( 1-way ANOVA, p< o05) but not within 
the Zostera bed (l":i.guro 12).. 'rotal abundances o:f 
---·'-"'~ .. ---
~.e:~!.~ pooJ.ed over all dates from September 1975-
·-(i) 
c: (1) 
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l<'igure 10: Mean number of Nebalia l~t~g~~t.e.l!.~:E.. per 
sampJ.e within.~~~~ and. in the experimental clearings 
over time. ·Vertical lines represent 95% confidence 
intervals and dashed horizontal line represents mean of 
data pooled over all sample dates for ·w·ithin Zostera {N=50) o 
- ... -~ ...... _, 
ANOVA results show a significant change in abundance of 
li• 12~~!~~ over time i.n the clearings. (p< ,.005) but 
:no s:tgnif'cant changes over time within ?t~~!!.· 
J 
" (1.) 
·-0. 
E 
0 
C!J 
....... 
. 2 
..0 
·::s 
"0 
30 
20 . 
.J 10 -=- -·--
. 
0 
z 
Figure J.l: 
o within Zostera 
o clearings 
+ I 
J S D M 
Sample Months, 1975- 76 
Hean number of' Lerrtoc'helia dubia per 
-- ......... 
sample over time i-rithin ~~~ and in experimental 
clearings. Vertical lines represent 95% confidence 
intervals and dashed horizontal line represents mean 
abundance for data pooled over all sample dates within 
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~~ .. :t~ (N:.:50) o ANOVA results shm\,. a significant chan[~e 
J 
in abundance of L" dubia over time ;d thin Zostera (p((')025) 
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Figure 12: Nean m .. unber of: Cap.rella ~ per 
sample over time within Zostera and in the experimental 
---
clearings. Vertical lines represent 95% confidence 
intervals and dashed horizontal line represents mean for 
data pooled over all sample dates 1vithin Zostera (N::::50) • 
ANOVA results show a significant change in abundance of 
.£ .. ~..<:J::.i:f2~:r!!i.C.~ over time in the clearings (p<.os) but 
not within the .?:..2.~L.S~~~ be do 
.... 
J 
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~une 1976 in benthic comnn:mities 1d thin the eelgrass 
bed (~= 7.5) and in the clearings (~= 3.6) were not 
significantly different (t-test, p<.05). 
These data show that the removal of eelgrass in the 
experimental plots had a slight but not significant 
ei'fec't on the abundance of Caurella cali:fornica on the 
_ _.. __ -- . -·
substratum. 
9, Number o:f Platynereis bicanaliculata per sample 
(Tables B40-B42). 
This nereid polychaete is a common tube-builder 
and herbivore. It is usually associated 1d th Ulva 
-
. and En·tc:romoruha on the:: mudflat and is also t'ound in 
·--...·---"'-~ .. 
the rodky intertidal (Blake, 1975)* 
Hean abundance of Platynereis in the benthic com-
.,.-·--"··~ 
munity changed significantly over time both.within the 
eelgrass bed and in the experimental clearings (1-way 
ANOVA, p(,.OOl:and .001, respectively).. 1'he seasonal 
patterns of ab'lmdance 1·mre very similar -in both com, .... 
muni ties {Figill'e 13). Highest a.brmdances w·i thin Zostera 
and in the clearings 1vere found in September 1975 
(X= 16.9 and 29.3, respectively} and lo·w·est abundances 
~~ere observed in June 1976 (X= 0~2 and o.o, respcc-
tively). This species dies after spa1n1ing; hence, 
"crashes" in populations are to be expected (Blake, 
pers~ comm.,). Total abundances pooled over all sample 
dates :from September 1975- June 1.976 1-d·thin e~lgrass 
and in the experimentaL clearings ~ere not significantly 
,· 
Figure 13: Hean m.unber of Pla ... t;xner,e_~ £.icanali.£Ul<!_~ 
per sample over time 1d thin Zostera and in the experi-
mental clearings. Vertical lines represent 95% confi-
donee intervals and dashed horizontal line represents 
mean o.f data pooled over aJ.l sample dates wi·thin Zoste:1:'a 
{N=50). ANOVA results shm"' significant changes in 
abundance of Po bicanalicu.lata over time both within the 
_...,. _,01-~-~--
the eelgrass and :i.n the experimental clearings {p<.OOl 
and o001 9 respectively). 
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different (t-test). 
'rhese results shOlV' that, although the abt.mdances 
of ~J:.Y.l2:.~":r:.£i!!. l'Vi thin ~stera and in the experimental 
clearings were significantly different in March 1976, 
this difference 1ras only slight, and that the overall 
abundance patterns of the species in the -t,.,o areas 
35 
(within ~~~ and clearings) w·ere very similar through-
out the study, The removal of eelgrass plants in the 
experimental communities had no noticeable effect on 
the abundance pattern of Plat~ereis hi~c~alicula~ in 
the benthic community over time. 
10. l~~l.!!.~.££_":!fa.l:.'t}lJ~.l~I!IE.;.~"l .cre,s.ce,n."tis P._~mpl.c:;, (Tables 
Blf')~Bl.t-5) ., 
Euno~IJ!l:i.a crescentis is a det>OSi tft·feeding tere-
...... a.. .. ,.;&-.... ,..,~ .. _.. ... __ ....._.... . 
1Jell:i.d polycrwete which lives in f5.xed burrmV's in the 
sandy mud of bays and estuaries (Blake, 1975). 
ANOVA results shot., that the abundance of' E., cres-
-
cent is changed signif'icantly over time 1d thin the 
~9~.t..~~ bed (p<.,OOl) and in the experimental clearings 
(p< .. Ol, 1-way ANOVA) .. The overall patterns of abundance 
of .~~.,:.vmnia in the benthic conununities within eel.grass 
and in the clearings ;.;ere similar (Figure J.lt:a) 1ri th 
greatest abundances observ13d i.n September and December 
1975 and lo"'r abundances found in Jnne 1975 and March 
and Ju.ne 3.9·16 o Total. abu:ndances pooled over all sample 
datos .i~rom September 1975- JlUw 1976 ·t-ri thin Zostera 
........,_c--~''"' 
Figure 14: Mean number o£ ~wolXPni.~ ~scenti~ 
per sample over time (a) ld thin Zostera bed and in the 
experimental clearings and (b) in each clearing (A and 
B). Vertical lines represent 95% confidence intervals 
and dashed horizontal line represents mean of data 
pooled over all sample dates ld thin Zoste:r.a. ANOVA 
---
results sh~w significant changes in abundance of !• 
_£res~c~~:r.-:th!?. over time ld thin f.~-~ (p<eOOl) t in 1;he 
experimental clearings (p(.Ol) and in each clearing, 
A and B, (p(.005 and .005). 
., 
f\.0 , ..... 
L-"~·,'.-·-~------~-J_:~-~·-·----l·-·-····--_L _________ J __ , _______ t ______ _.. 
I 
lO 
t--
0) 
0 
I --r.l--::; . w -~· .., :E 
:; g ·~ ~ 
""" I . ~- I ~ -0-7" - oq;;: 7~. ~. ~ . . rl -@- ··- ~ 
C1 /! ~ tD --·---0·-----:---/ I ·=.~ .. \ \ l a 
----------------------··0··-·····-··----\--,--_ (f) 
-()-·-·· \ 
ro 
) 
.. 
"J-{}i- --· '"'":! 
I 
L_, _____ L __ ,. ___ ,J.____J__ __ L_ _____ L_L __ 
0 b 0 0 0 0 
w tO ~ f<) C\1 
a1dwos 1 S!~ua:>sa..&:> ·3 ·oN 
37 
nificantly different ( t-test). Ho1-rever, during Sep-
tember and December 1975, the moan abundances of ~UEO.:h'l!n-
~ w·ere significantly greater in clearing A than in 
clearing H~ This may be a result of the large amount 
~:.>' 
of green algae which colonized clearing A during these 
months. 
These results show that, although there l'las an 
initial increase in abundance of §.• £,£escentis in the 
benthic community of' clearing A f'ollo1dng the removal 
of eelgrass, the overall patterns of abundance in the 
experimental clearin,q;s d:ld not differ significantly 
from that observed within the Zostera bed. 
rrhis capi tel lid polychaete is common in sand and 
mudflats and has a wide distributional range. It liV'es 
in a loose, soft tube partially covered with sand and 
feeds directly on deposits (Johnson, 1967a; Barnes, 1968). 
1.-w·ay ANOVA results shol'l no significant changes ,,in 
abundance of' ;Not2!!!!:"'!.st,uE_ over time in the benthic com-
munities of the experimen·taJ. clearings or l'lithin the 
~g:~ bed (F·igure 15). The abundance patterns over 
time of this species were similar within eelgrass and 
in the clearings, except during June 1976 when the benthic 
community :i.n clearing B had a significantly ~~rea ter 
abundance ot' ~J.2.i~ _:!;c:nuis (X:-:: 35 o 7) than did 
the communi ties in clearing A (X:-.: 1., 7) and 1-d thin the 
eelgrass (X::: 6 .. 2) (t-test, p($001 9 .001). Total abun-
dances pooled over all dates from September 1975-
June 1976 1-dthin Zostera (X:: 5 .. 1} and f'or the experi-
mental clearings (i~ 8.3) did not differ significantly 
(t-test, p>.05) .. 
These results shm'l that, except for the 'lmusually 
high abundance of the species in clearing B during June 
1976, the removal of eelgrass had no significant eff'ect 
on the abundance of NoE.o.m,ast}-'!,S. ~~~.ui~ in the experimental 
benthic communities over time. 
.. 
Figure 15: J.l.lean number of Notomastus tenuis per 
r:Jample over time (a) ·within Zostera and in the experi-
mental clearings and (b) in each experimental clearing 
A and B. Vertical lines represent 95% confidence inter-
vals and dashed horizontal line represents mean of data 
pooled over all sample dates within Zos,~ (N::50). 
ANOVA results show no significant changes in abundance 
of No tenuis ·over time 'd thin Zostera, in the experi-
--=t ----- _.........._.._ 
mental cl<:1arings (grouped} or in clearing A. However, 
there was a significant change in abundance over time 
in clearing B (p<.ool). 
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Table I: Summary of: statistical analyses of: benthic ir.f:auna data, signif'icnn.ce of: 
F and t values- (1.-way ANOVAs and t-tests) ... 
s s 
One-'hl.y ANOVA over time 
'vi thin Zostera Cl.earings 
CONPONENT a=5 dates* a=4 dates** a"'4 dates*$ 
(Nean number per sample) 
Individuals (all. species) 
Species (n~l) 
Species (n~2) 
Species (n~5) 
Species diversity 
Exogone lourei 
Modiomastus cal'i:forniensis 
Aoroides co1~~biae 
Photis brevipes 
Axiothella rubrocincta 
Neba1ia pugettensis 
Leptochelia dubia 
Caprella californica 
Platvnereis bicanaliculata 
Eupolymnia crescentis 
Notomastus tenuis · 
n=50 
n~s. 
nes~ 
n .. s .. 
n.,s. 
n .. s .. 
n.s. 
.,001 
.001 
.,005 
n.s., 
n .. s. 
o.01 
n.,.s. 
.ooJ. 
.,001. 
noso 
n=40 n=22 
n .. s .. .. 00.1. 
n.s. oOl 
n.s. .. 001 
_n.s. .. 001 
neSo n .. s .. 
n.sfilo .,001 
.oo1 .,001. 
.,001 n·.s • 
.,005 n.,s., 
n.s. n.s .. 
n.s •. .005 
.025 n.s. 
n.s. .,05 
.001 .001 
.oo:t .01 
n.s. n.s. 
"' 
** 
June 1975- June 1976 samp1ed at 5 three-month interva1s 
September 1975- J'I.L."l.e l976 sa!nplcd at 4 three-month intervals 
*"'* Grand means o£ data pool.ed over September 1975- June 1976 
• 
t-tests: 
IY'ithin 
Zostera 
vs., 
Clearings 
*** 
.,001 
.001 
.,001 
.,01. 
n .. s., 
oOl 
noSe 
e01 
.. 05 
.001 
.. 01 
n .. so 
n .. s .. 
n.so 
n .. s .. 
n.s .. .::-
0 
Other Species 
'l'hirty-:four species w·ere present in the existing 
benthic community w·i thin the Zoster~ bed consistently 
throughout the year (June 1975- June 1976). The el.even 
most abundant of these have been analysed and discussed 
abovea The remaining twenty-three consistent species 
are considered here in less detail. 
Abundances were pooled over the experimental por-
tion o:f. the study (September 1975- June 1976) for each 
species all'lays present 1d thin the Z2!!.t_~ bed (n=40) 
and for the same species in the experimental clearings 
(n~ 22) and ,.,ere compared using the t-test., Results 
are shown in Table II. 
Ton species had signif'icantly l.Ol.Yer overall abun-
dances in the experimental clearings than within the 
One species 9 !'[<:J?.htyJ! c~.2.ic~, had a signif'ical1,tly 
higher abundance in the experimental conununities than 
within tho Zostera bed. ____ _,. 
'l'he remaining t"\'lelve species which were always 
present 1-ri thin the A,o:!,_t££!;}. bed shO\.Yed no signif'ican·t 
differences in overall mean abundances between the 
existing n.nd experimental communities., 
Table II: Other Species present within Zostera consistently throughout the study, 
Statistics and-results of t-tests+ 
Ran..'tc 
by no.* 
1.2 
1.3 
l':l: 
1.6 
1.7 
18 
1.9 
20 
21. 
22 
f!.ll: 
25 
26 
28 
29 
30 
31 
33 
34 
36 
37 
l1J. 
42 
~PECIES 
Corophium ascherusicum 
Halosoma viridintestinale 
Themiste zostericola 
i\mphiodia occidentalis 
Metopa cistella 
Dorvillea rudolphi 
Capitella capitata 
Ed1'1"ardsia sp .. 
Paraphoxus cognatus 
OJ..igochaete species 
Armandia brevis 
liaploscoloplos elongatus 
Cirri:formia spirabrancha 
Nemertean species 
Hacoma secta 
Cumella vulgaris 
Nephtys caecoides 
Listriolobus pelodes 
Pinnixa longipes 
i\naitides williamsi 
Hemipodus borealis 
IIarmothoe 1unulata 
Po1ydora ligni 
Grand Hean No .. per sample *"' 
iii thiit Zostera. 
n=1J:o· 
X 
;; .. 60 
4.83 
4.,20 
2.88 
1..93 
2.,lf5 
2.00 
1.95 
1 .. 68 
1.85 
1.50 
1 .. 33 
1.33 
l.i8 
1 .. 25 
0.58 
0.73 
0 .. 73 
o.65 
0.50 
o.J1:3 
0.28 
0.20 
52 
1!7 .,067 
53o.357 
1.6 -57lJ: 
8.369 
7 .. 917. 
19 .. 177 
5 .. 949 
6 • .Z.t08 
9 .. 097 
3.772 
3.538 
2.328 
6.687 
2 .. 353 
2 .. 24l:: 
0.969 
0 .. 820 
:;.025 
0 .. 797 
0.769 
0.507 
0.307 
0.,215 
Clearings, 
n=22 
x 
1...36 
1.J.8 
1 .. 41 
0 .. 95 
0.27 
0.36 
1 .. 41 
3 .. 27 
0.27 
1.11:5 
o .. 68 
1 .. 32 
1.73 
OA77 
0 .. 27 
0.23 
1.36 
0 .. 91 
0 .. 23 
0.18 
0.,1!1: 
0.23 
0.05 
s 
,, 
"" 
3.576 
:; .. ;;9!.!: 
3 .. 872 
0.807 
0.,589 
0 .. 719 
7.015 
6 .. 303 
0.303 
1 .. 974 
o.6o8 
2.,89l1: 
3.065 
l.,OL.~:J.. 
0.,208 
0 .. 279 
1.766 
2 .. 753 
0 .. 184 
0.156 
0.1.23 
0.279 
o.ol15 
* 
Data pooled over June 1975- .June 1976 (~Vithin Zostera)., 
t-tests '-'"': 
l'l"i thin Zostera 
vs .. 
Cl.earings 
t p 
s 
lo934 
3 .. 029 
3 .,6L1:5 
3 .. 873 
3 ,JJ:91. 
2 .. 9J..l.t 
0.,883 
1 .. 970 
2 .. 862 
0 .. 850 
2 .,LJ:OO 
0 .. 016 
0.,651 
J.. 0 23ll 
3 .. 851. 
1.811 
2 .. 211 
0 .1.~:11 
-2 .. 515 
1.972 
2 .. 138 
0.331 
lo799 
noSe 
.ol. 
.001 
.001 
,.OJ.. 
.01 
n.s. 
n .. s~ 
oOl. 
n.s. 
.05 
n.s. 
ncSe 
n .. s. 
.001 
n.s .. 
.05 
n.s. 
.. 05 
n .. s .. 
.. 05 
n.s. 
n.s. 
"'* Data pooled over September 1975- .June 1976 (~vithin Zostera and Clearings) .. 
" 
~ 
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Summary o:f Benthic Inf'auna Sampling and 
Eelgrass Clearing Experiment in the ?~i2.E2.. Bed 
lQ A total of 16t290 individuals representing 72 
invertebrate species were collected in 50 core samples 
from the benthic community 1-ri thin a ~s.t.e;r:E_ ~.JE.E. bed 
at 5 sampling intervals during 1975-1976. 
2. 'rl\TO experimental quadrats ld thin the Zostera 
_.... . ... 
bed, each four meters square, "trere cleared of' all eel-
grass plants 9 e::<:cept roots and rhizomes, to observe the 
effects on species abundances in the benthic community. 
3o Hean number of individuals per sample and mean 
number of species represented by at least one individual, 
b\To .indi victuals and five indi v.iduals per sample 'l'fere 
sig:n:i.£'ica11.tly decreased in ·the ·experimental clearings 
due to the removal of eelgrass. Mean species diversity 
li'as not affected. 
!J:. Of' ·the eleven most . abundant spec.i.es 'l\Tithin 
the eelgrass bed, 1·rhich composed 81;~; o5 per cent of' the 
total fauna by number over the entire study 9 the abun-
dance patterns of' five i'fere signi:f:.i.cantly decreased due 
to the removal of' .?..~s.ter~ in the experimental clearings: 
5~ Of' the 34 benthic species 1d1ich were present 
vrithin the ~p.s,t~r.~ bed consistently throughout the 
period of study, the overall abmtdv.nces of~ eleven 
(excluding those of: the eleven most abundant species 
mentioned above) w·ere significantly a:f:fected due to 
the removal o:f Zostera in the experimental clearings. 
One species, ~~ _£aecoid~, was more abundant in 
the cJ.eared areas than "\-rithin the eelgrass, "\rhile the 
abundances o:f the rest were significantly lower in the 
e.xpc~rimental clearings than· in the existing comtmmity 
among Zostera., 
·---
PART III 
SEASONAL GRO\vTH AND EFFECTS OF IRH.ADIATION REDUCTION 
ON GROlvTH 01~' ZOSTERA MARINA 
Introduction 
An eelgrass turion consists of' a stem and a group 
of' leaves grow·ing :from a prostrate rhizome. A pJ.ant may 
consist of many turions, each producing :from f'our to six 
bandlike leaves per year. The m.mtber ot' leaves present 
is subject to considerable seasonal variation. Studios 
have suggested that vegetative grow·th is dependent on 
temperature and amount of light (Setchell, 1929). 
A narrow temperature range· is c~.~i tical :for the 
grmV"th and existence of ~. and plays a determining 
role in its distribution (Benacchio, 1938; McRoy, 1966). 
I:rr the '\'latera· of' Denmark, rapid vegetative growth occurs 
.when water temperature is between 10 ... J.5°C, culminating 
in June and July (greatest dry matter of leaves) o '\vhen am-
bient temperature is betltreen 15-20°C, grow·th of' leaves 
stops, and the :flow·ering stem is :formed (Rasmussen 9 J. 973) • 
~~-~ rarely blooms in the 1-Iediterranean as the sum ... 
,. 
mer surface temperatures are too low (15-16°C, Benacchio, 
1938). The period of' activity (10··20°C) in the summer is 
followed by a peri6d o:f inactivity (recrudescent rigor) 
and a heavy loss of the flowering plants and oldest leaves, 
which is a yearly natural phenomenon (Ostenfeld, 1908; 
Grontved 7 1958) ~ Dry matter con·tcnt in the rhizomes in-
creases during this period in preparation for the :next 
46 
year 9 s vegetative growth (Setchell, 1929; McRoy, 1966)e 
Short leaves are produced in the autumn under suitable 
conditions of temperature and light and survive the w·inter e 
In the spring these die off and the long swruner leaves 
develope (Tutin, 1942). 
The depth distribution of seagrasses depends upon a 
complex of interrelated ecological considerations including 
depth, 1raves and carrents, substrata 9 turhidi ty and light 
penetration (Thayer, et al, 1975). ~1ean low· w·ater can be 
considered to be the realistic effective upper limit, 
depending on the amm.mt of drying (exposure at low· tide) 
the plants can "\·ri thstand. The limit is probably established 
by a combindtion'o~ minimum light intensity required for 
gr<nrth and substratum. Keller and Harris ( 1966) f'ound 
the upper lin~it of ~~ ~~ in South Humbolt Bay, 
California to be at the +1.0 1 t:ida.l level.. The percent 
coverage, mean t·urion. length and biomass per square 
foot increased with tidal depth to -1.5'• Over 90 per~ 
cent of the total biomass occurred at or belmr the mean 
l.ower-.lmr tide • 
1--Iost field studies of eelgrass have been descriptive, 
dealing generally '-ri th abundance at di:fferent localities 
and depths o 'l"emperature is usually stressed as a factor 
in considerations of' growth and abundance, along 1d th 
depth of water. Few experimental field studies have 
been conducted investigating the role of' light in the 
growth a.n.d ab1.mclance of ~9..ster!\." Controlling factors 
are usually inferred :from correlations observed in the 
field., 
The effect of light on photosynthetic rate of both 
eelgrass and epiphytes follow·s the usual pattern found 
in subtidal algae, photosynthesis increasing ''lith an 
increase in light to an assymptotic value where the 
system becomes light-saturated (Parsons and Takahash~, 
1973). Burkholder (1968) maintains that in turbid 
1-rater, light is strongly absorbed and illumination be-
comes the :timi ting :factor for photosynthesis. Osten-
:feld (1908) states that the maximum depth Zos·tera grows 
--
depends on the transparency o:f the watero Odum (1963) 
studied the ecological effects of dredging on Thallassia 
dredging 1 light penetra·tion was much reduced and produc-
tivi ty and chlorophyll content of the gras.ses dimished~ 
Among several other theories, changes in solar activity 
is named by Stevens (1936, 1939) and Tutin (1938) as a 
fw1damental cause of the destruction of eelgrass in the 
Atlan·tic during 1931-1932. The influence of epiphytes--
diatoms, other small algae and hydroids-- and the silt 
held by epiphytes is to reduce the'light available and8 
shade the leaves (Burkholder • 1968; Tutin~ 19l12). Colo ... 
niz.ed leaves may have low·er productivity rates due to 
shading by epiphytes (Penhale, 19T?) • Backman and Bari-
lotti (1976) conducted shading experiments in the field 
and show·ed that turion density of eelgrass is a :function 
of the irradiance the plants receive at the lower distri-
butional margins (-1.5 m.)ft 
Since the grolrth in length and heavy sloughing off 
of eelgrass leaves are yearly, seasonal occurrences~ it 
is expected that solar irradiation might be a determining 
:factor., Based on the literature and field observations 
1iliich suggest this relationship and the fact that no 
experimental quantitative studies ex:i.st relating these 
phenomena, the purpose of this portion of the study is 
to record an annual growth cycle of Zostera and test the 
... ~---
hypothesis that the availability o:f light is responsible 
for eelgrass grmrth and the loss of' leaves at upper 
distributional margins · 1rhere light is most abtmdan t • 
The experiment 1ras conducted during the season of rapid 
grmvth of eelgrass and most abundant solar irradiation in 
order to observe the effects of reduced light on 1!,ost.era, 
grmrth under ·optimum grow·th conditions e 
.• 
Methods 
The study area for this section is the same as that 
described in Part II above (F'igure 1). 
To determine the grow·th cycle o:f ~~ .!E~}n~ at 
the study location tu.rion samples were collected once 
each month :from June 1975 through October 1976. Samples 
taken from June 1975 to February 1976 consisted of all 
2 plants grm-r:ing in hro 0 ... 25 m quadrats J.ocated at random 
points along the 1.00-meter trans~ct.. Eelgrass turions 
collect~d :from March to October, 1976 consisted of ten 
11hand:full samples 11 of turions, locatod at random points 
along the transect t. each 11hand:full 11 consisting of' 5-10 · 
tu.rionso 
The eHlgrass plants in all samples were cut.at the 
"base of' the stall<: and removed to the laboratory w·here 
··they w·ere w·ashed 1-ri th :fresh \vater. Each blade of each 
plant was measured to the nearest centimeter and the 
turion length w·as determined by averaging the lengths of 
the blades comprising the turion. The mean turion 
length ±'or each month 1-ras then calculatedo The eelgrass 
samples to b(3 used :for dry weight measurements 1-rere 
dried in an oven at 80°C to a constant 1-reight (5-7 days) 
and dry l-reight ,,ra.s determined. 
To produce reduced solar irradiation in the field• 
three shading canopies (herein referred to as Experimental 
Canopies X, Y and Z) were constructed and erected over 
the eelgrass near the north end o:f the trnnsecto Each 
canopy consisted of" a 2·~meter square w·oodm1. :f:rame holding 
50 
two sheets of transluscent polyethylene of the same 
dimensions,. The plastic was reinforced 1-d.th chicken-
wire on the top and bottom. Each :frame was supported on 
t'o'lu .. stak<:)S 1.5 meters above the substratum. The can-
opies lrere not observed to interfere with the movement 
o:f the eelgrass in tidal currents. Their height above 
the substratum lras greater than the longest leaves of 
the eelgrass. \veekly maintenance 1ras required to remove 
loose Z!.<?.su~!~!a, blades and strands of' algae 1rhich 1rould 
sometimes become entangled on the canopies and stakes. 
Three 2-meter square control areas w·ere established ad-
jacent to the experimental quadrats as sho'lm in Figure 
J.b tl Each quadrat (control or experimental) 1ras three 
meters :from those adjacent. 
'l'o determine the amount o:f light reduction under 
the canop.ies, illumination 'lras measu:red beneath and out-
side of a canopy on a clear day with a field photometer 
consisting of a photocell circuit connected to a volt-
meter., Meter readings are sho·wn in 'l'able C~2. The 
canopies reduced d.o1mwelling illuminance by approximately 
33%. 
" 
The canopies and control areas 1rere established on 
June lOt 1976 and sampling commenced on June 12o Samples 
1-rere collected there after at approximate two-1reek 
intervals on i~ow.~ more dates: June nl'" c.o, July 11 and 27 
and August 10. Using the data from the }!arch- Jtme J.976 
11handfull. 11 eelgrass samples for tu:d.on length, standard 
error of: the mean ( sJ..fii) w·as plotted against ntunber o:f 
51 
samples taken (N) for N= 5, 10, 15, 20, 25 and 30 samples 
(li'igu.re 16) o 1\renty w·as :found to be a sufficient number 
o:f samples to represent mean turion lengtho Tlrenty 
turions 1rere collected :from each control quadrat and 
from beneath the south side o:f each canopy (ie., in-its 
shade) on each sampling date o The plants ·w·ere washed, 
measured and dried as described aboveo Mean turion 
length, mean number of' blades per turion and dry lreight 
determinations were thus made to observe the effects of 
reduced irradiance on the grow·th of Zost~ mar.in~. 
Figure 16: Standard error of' the mean and 95% 
confidence intervals of' mean turion length versus ntunber 
of' samples measured (N) to determine sample size. 
Standard errors represent means of' ten "samples" selected 
randomly f'rom }'larch-July 1976 eelgrass i;urion sample data. 
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Results 
Seasonal Growth of Zostera marina ____ ,_ - ..... -- _..,.. 
Nean turion lengths and variances :for eelgrass 
sampled at Law·son' s Flat each month :from June 1975 
through October J.976 are given in Table C·~l and shmr:n. 
graphically in Figure 17. A marked and regular pattern 
of growth and decline in mean turion length was ob-
served in this eelgrass bed. Rapid growth of the eel-
grass occurred in the spring months, resulting in the 
peak mean turion lengths observed in July, August and 
September of" 1975 and 1976. The longest turions measured 
were collected in August 1976 (i~ 107.8 em.)~ Peak 
mean turion 1ength in 1975 occurred in September (X= 83~2 
em.). The characteristic rapid decline in turion 1ength 
:followed in the fall months (October- December in 1975 
and September- October 19"?6) as a resuJ.·t o:f the annual 
sloughing off' o:f J.eaves ·N"hich occurs in this species. 
The ~.!er~ turions were shortest during the ldnter months 
(December 1975- February 1976) and the mean turion 
length reached i·ts 1m'1est in February (X:: 30 ,.l.l: em.) o 
Hean turion length and variance statistics are 
given for the three control and three exp13:r.imental 
(canopy) quadrats in Table c ... :;. Grand mean turion 
•• 
lengths o:f the control and experimental areas and their 
95% confidence intervals are plotted ov13r time in li'igure 
J.8 ~. 
Figw~e 17: Mean turion length (em) and 95% con-
fidence intervals over time of Zostera marina collected 
..... 1 -- • I;$ ............... 
at Law·son 1 s Flat during June 1975-0ctober 1976. Data 
·f'or June 1975 through February 1976 represents all turions 
collected f'rom 'tdthin tw·o 0.25 m2 quadrats located at 
random points along the transect each month. 'furion 
length measures for Harch through Octobe:t:' 1976 are based 
on turions collected in 10 random 11handfull 11 samples 
taken each month. Means 9 variances and number of' turions 
measured are given for each month in Table C-1. 
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Figure 18: Changes in mean turion length over time 
in control areas and under the experimental canopies 
sho1dng effects of' irradiation reduction on grm-rth of 
eelgrass. Vertical lines represent 95% confidence inter-
vals~ Data is pooled for the three control areas and for 
the three canopies and is giyen in Table C-3~ 
The three controls areas shol'led a r;enerally steady 
increase in mean turion length throughout the study 
(Table C-3). Control 2 increased most markedly in mean 
turion length beb-reen July 27 and August 10.. ~iean length 
did not increase marl(edly during the same period of 
time in Control 3. The three shaded quadrats initially 
showed no grmrth during the first month of the study, 
but then sho·w·ed a steady increase during the following 
b-ro-weol( periods (Figure 18). 
A single classification analysis of variance o:f 
turion lengths was calculated for each area over time 
l-rith a:: 5 sampling dates and N::: 20 turions per area 
per date (Table D·gl). The three control areas show·ed 
significant changes over time (p<.025, .001 and .005, 
respecti veJ.y).. rrhe three experimental quadrats did not 
change in mean turion length significantly over time. 
A mixed model two-level nested ANOVA (Sokal and 
RohLf, 1969) was computed for tho turion length for each 
sampling date (a::: 2 treatments, controls an:d canopies; 
b= 3 areas within treatments, and Nc 20 turions lri thin 
each area) (Table D-2)., The mean turion lengths among·• 
areas within treatments were significantly different 
only on July 27 (p<.005). This set of means l·ras there-
foro tested further. A 1-l'lay ANOVA was calculated among 
tho six means ('J'able D-3) lrhich indeed indicated them to 
be significantly different (p<.OOl)o These mean turion 
lengths for July 27 were then tested using the ~ poster-
iori Stndent-Newman-KeuJ.s test ( Solm.1 and HohLf., .196 9) as 
shmm in Table D-l±. The highest mean, control 3, "\'las 
significantly different from the others o Nea:n ttu"ion 
lengths for controls 1, 2 and canopy Z were not sig-
ni:fi.cantly different from one another. The mean turion 
lengths for control 2 and canopies z, X and Y (in order 
of decreasing length) were not significantly different. 
The results of the nested ANOVA (Table D-2) show 
that the means among treatments '~ere not significantly 
dif'ferent during the first month of the .study, but by 
July 11, the controls had increased significantly in 
length of {urion over the experimental areas (p(.05). 
·,? 
During the next bV"O w·eeks the shaded areas increased in 
mean tur:ton length so that means among treatments were 
57 
not significp.ntly dif"ferent on July 27.. The shaded eel.-
grass .continued to grm'l in length during the f'ollolring 
t1oro~weelc period, as did that in the controls, but the 
control turions gret'l sufficiently more than did ·those 
under the canopies, so that the mean turion lengths 
among ·treatments were again· signi:f'icantly di:fferent on 
August 10 (p<'.00.5). 
The Student's t-test was used to compare individual 
means within areas ( 1'able D-5)., In comparing the initial 
sampling (Jtme 12) versus the final sampling (August 10) 
the mean turion length differences of the ·three controls 
were aJ.l i'ound to be highly significant (p<.,OOl) as 
·w·as expected from ANOVA results given above.. Controls 
1 and 3 showed a significant increase (p<o05) during the 
first two weeks of the study$ Control 2 did not show a 
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sig:nii'icant increase over the initial mean lenr;th until 
the last two-week period (June 12 vs. August 10: p<,.OOl). 
lv.tean tu.rion lengths under canopies X and Y did not di:ff'er 
significantly bet1·1een the :first. and last sampling, 
whereas tha·t 'l.mder canopy Z did (p(.,.05). This increase 
also occurred during the last two-week interval, as a 
comparison betw·een June :1.2 and .July 27 was not signif'i-
cant. 
'rho grand mean turion lengths of' the control and 
experimental areas 1-vere :finally compared for each sam-
pling date (N= 60) using the t-test (Table D-6). The 
controls and canopies did not dif'f'er significantly in 
mean tu.rion length at the initial sampling, but there-
a~f'ter, mean turion length was increasingly significantly 
J.m'fer u.:nder the canopies than 1'li thin the control quad·· 
rats,. 
These data show· that the decreased incident light 
under the experimental canopies inhibited t.he gro1rth in 
turion length of' the ~st~ra living there, while that 
in the control areas grew steadily and significantly. 
~..Y _ _!:!:.ei~l~i_/_?-:u._r:i;_on );.~:t?-,.gth regl:_es.:.s~:q__a.nd .c.OF.::. 
relation 
---
Dry l-reight 1-ras determined f'or each ·area on each 
sampling date (each group o:f 20 h:u"'ions) and is recorded 
in Table C-4 .. 
'I'lH-) dry weight data l'ras regressed on the mean 
turion length :f. or each gro·up o1: 20 ·tu.rions (Table c .... 3) 
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and the linear regression equation ? = -14o96 + o392 X 
was derived (N:: 30), whero Y is the ·total dry weight in 
grams and X i.s the mean turion length of 20 turions in 
centimeters., The regression line is plotted on the 
scatter diagram given in .Figure 19., 'rho regression 
ANOVA given in Table D-7 indicates that a_significant 
portion (p<oOO.l) of the variation in dry weight can be 
explained by the regression on mean t.urion length. 
The correlation coefficient r= • 77 w·as derived for 
these data (Tables C-3 and c-4) 1rhich is significant at 
p<.-05., Therefore, an increase or decrease in mean turion 
length also represents an increase or decrease in dry 
.Penhalc (19?7) found that· approximately 25% of' the 
dry 'reight of' the average annual above ground standing 
crop of' eelgrass represents epiphytes (excluding macro-
phytic algae or invertebrates) on the Zo~te,r~ blades • 
It is therefore assumed that the dry weight measure-
ments made of' eelgrass turions in the present study also 
represen·t partially the biomass of epiphytes which 
could not be removed from the pJ.arits ,..,.i thout destroyin,g 
tho blades .. 
nP.r turion ~----·--
Nean number of leaves per turion and variances are 
given f·or the ·three control and three experimental quad-
rats .in ':l'able C-5.. Grand mean numbe:es o:f. leaves per 
Figtrre 19: Scatter diagram and linear regression 
of' dry weight (gms) versus mean turion length (em) o:r 
eelgrass collected at Lawson's Flat during the summer 
months of 1976o Each of the 30 samples is based on 
20 turions.. The correlation coe:ff'icient r= o 77 was 
d(~rived f'or these data 'and is signif'icant at p< .. os .. 
Data is given in Tables C-3 and C-4. 
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turion of the control and experimental areas and their 
95% confidence intervals are plotted over time in Figure 
20. 
The eelgrass in control 1 decr€ased gradually in 
mean number o:f leaves per turion through the study 
(Table C-5) ·while controls 2 and 3 appear .. to have re-
mained l'li thin the same range. Hean number of' loaves 
per turion show·od an overall decrease under the three 
canopies, especially under canopy z. 
'A single classification ;\J.'iOVA o:f mean number of' 
leaves per turion was computed for each area over time 
(a= 5 dates, N:::: 20 turions Pf'r area Pf~r date). The 
resul tr:; :i.n Table D-8 shol~ that mean number o:f leaves 
per· turion decreased significantly.over time in control 
1 {p< .. 05) 1rhile control 2 and 3 did not change signi:f.i ... 
cantly. All three of' the experimental canopies exper-
ienced signif'icant dif'f'erences in mean number o:f leaves 
per turion over time (p<.005, .005 and .001, respective-
ly). 
Results of' a mixed model tl-ro-level nested ANOVA 
oi' mean nwnber of' leaves per turion f'or each s arnpling ,, 
date with a= 2 treatments~ b= 3 areas within treatments 
and N::: 20 ·turions 'l'li thin each area are shmm in Table 
D-9e The means among treatments were significantly dif-
ferent on July 11 and August 10 (p<.OOl and o005 respec-
tively) a Variation among areas within treatments was 
s::i.gnif:icani; on June 12 and August 10 (p< .. 0.5 and ~005) t 
a l thour;h a one-way ANOVA among a:r:eas f'or Jmw 12 (a::: 6, 
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N= 20) 1-ras not significant (Table D··lO}. 
Since on August 10 the mean number of leaves per 
turion differed significantly (p<oOOl) among areas in 
a 1-\ray ANOVA (Table D-10) and significantly (p( .005) 
among areas within treatments in the nested ANOVA 
(Table D-9), this group o:f means l'TBS tested further by 
the Student-Nemnan-Keuls test (Table D-11). The mean 
number of leaves per_turion increased :from the experi-
mental canopies to the controls (canopies X, z, Y, 
controls 1, 2 and 3, respec·ti vely) , but the means from 
canopies Z and X 1-rere significantly lower than in canopy 
Y and controls 1, 2 and 3 together. 
Results' of' t~test comparisons between individual 
mean numbers of' leaves per turion f'or _each area among 
dates arc sJ~ow·n in 'rable D-12. The means of' the ini t:lal 
and :final sampling (Jrme 12 versus August 10) 1'l'ere not 
significantly different for controls 2 and 3 and canopy 
Y. Control 1 did not show a significant drop from the 
initial mean number of leaves per turion until July 27 
(p<o05) and August 10 (p<.Ol). Hean number of' leaves 
per tur:ion at the :final sampling w·as significantly low·er 
• 
than upon the first sampling under canopies X and Z 
(p<lfl02 and oOOlt respectively)., The lol'l' data point for 
canopy Y on July 11 w-as significantly lm-rer than that of 
the ini tiaJ. sampling date o 
The grand mean number of leaves per turion o:f the 
control and experimental areas were compared for each 
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Figure 20: Changes ln mean number o:f leaves per 
turion over time in control areas and under the experi-
mental canopies showing effects of irradiation reduction 
on eelgrasse Vertical lines represent 95% confidence 
intervals~ Data is pooled for the three canopies and 
for the three control areas and is given in Table C-5o 
sampling date (N::: 60) using the t-test (Table D-1:5). 'rhe 
controls and canopies did not differ significantly in 
mean m .. unber of leaves per turion on the first tw·o sam-
pling dates, but thereafter, the mean number of leaves 
per turion vvas ·significantly· low·er under the canopies 
than in the control arias (p(.OOl, .01 and .001 for July 
11 and 27 and August 10, respectively)o 
These data and analyses indicate that there is a 
trend of decreasing numbers of blades per turion {ie. 
shedding of leaves by the Zostera plants) under condi-
-
tions of decreased illumination over t:i.me. 
l<'lowering of the eelgrass during this study lotas 
not oboerved, therefore it was not possible to verify 
the effects of reduced lighting conditions on flowering 
of Z,o,st~. Backman and Barilotti ( 1976) in a study on 
shading of A<?.~t.era in southern California found that 
:flovrering and fruiting of eelgrass was markedly reduced 
(entirely absent) in shaded eelgrass. It is suspected 
that the water temperatures of Tomales Bay are too low, 
generally, to permit flow·ering of eelgrass which occurs 
between 15-20°C. The 1rater temperature never rose 
above l600°C at the study site during the summer months 
o'fhen this experiment took place. Flowering plants 
have been observed here only on rare occasions and in 
low abundance in the spring and early summer o:f 1975 .. 
1. Zostera marina turion lengths were measured 
for 17 months and a marked and regular pattern of 
growth and decline in mean turion length was observed. 
Eelgrass turions increased in mean length through the 
summer months and decreased in mean length (affected by 
loss of the older, longer leaves) through the :fall into 
the w·inter. 
2. The effects of decreased solar irradiation on 
Zg_s~ were observed by means o:f a manipulation experi-. 
ment in the :field.. Mean turion length and mean number 
of' leaves per turion were significantly decreased in the 
experimental quadrats as compared to the controls due to 
a 33% decrease in incident light. 
3o Dry weight and mean turion length data were 
correlated significantly (p<.05) at r= .77, so that an 
increase or decrease in mean turion length also repre-
sents an increase or decrease in dry weight of Z,os;~ 
~~-
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PAH'I' IV 
CO.RRELATION OF SPECIES ABUNDANCES \VITH MEAN 'l'URION LENGTH 
Introduction 
Since one characteristic aspect of the benthic 
environment ·within a ~t_e_:s~ bed is the constant supply 
of' detritus and other organic debris :from dead or broken 
eelgrass leaves and associated epif'auna to the bottom, 
this path of' investigation was tal{en to determine if any 
obvious relationships exist between the amount of eel-
grass present and the densities of any of the major 
invertebrate species in the sediments beneath. 
Results 
Hoan turion length l-ras correlated "ri th the abun-
dances of: those species among the eleven mos-t abundant 
species l'li thin the ~~ bed which varied in mean 
abundance signi:ficantly over time (six species) and 
with the mean total number of individuals per sample. 
Results are shown in Table III.. Data points :for mean 
turion length were those which correspond to the sampling 
of the infauna: June, September, December 1975 9 }iarcn 
and June 1976 (see Figure 17 and ~able C-1) (N= 5). 
Although none of the correlation coefficients de-
rived were significant, some interesting trends are 
apparent. 
:Hean total number o:f individuals per sample w·ith ... 
in the ~s_tera bed did no-t change signi:fican:tly over 
time, but it yielded a relatively high correl~tion coef-
f~icient of r= .. 79 when correlated with mean turion 
length. The peal<: nwnber of in.di vi duals per sample in 
the benthic conununity within the Zostera bed in Sep-
tember corresponds to the peak in mean tm·ion length 
reached in the satne month {Figure 2). 
Two species, Hediomastl-1~ ~i:forniensis. and ,El:_a"!:x-
!!.9X:e.L~ bic_2R_<:_li<':2,_~ displayed similar and marked 
abtmdance patterns over the year (Figures 6 and 13). 
Peak abundances reached in September 1975 and lo"\'1 
abtmdances in June 1975, Harch and June 1976 correspond 
roughly to peaks and lm'ls of mean .turion length.. The 
correlation coefficients 0,.42 and 0~31, respectively, 
were derived for these tw~ speciese It is likely that 
some of.' the same factors 't'Thich led to increased turion 
length (light and/or temperature) also led to popula-
tion fluctuations in Platm~ei.s. and ~eQ.,.i.om.E:.stu§_. E!at:.x,-
nereis exhibits a marlced response to temperature and 
has a definite lunar periodicity in its gamete buildup 
and spawning. The adults die after spawning (Blal<::e, 
personal communiction). 
pattern within the Zostera. bed (Figure 14) with the peak 
--
abundance in December correBponding to the low abtmdance 
of eelgrass (mean turion length) and low abundances in 
June 1975, March and June 1976 corresponding roughly to 
periods o.f long;er eelgrass t'lu-ions., A negative cor~ 
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relation coefficient (r= -0.26) was derived. 
The abtmdanco pattern of Ao.roid_~ .so~U.!!!.~ yielded 
a lo1-r correlation w·i th mean turion length (r:.: 0 .. 24) al-
though the peal{. abundance in June 1976 and low abundances 
in December 19'75 and March 1976 correspond roughly to 
the abundance of eelgrass. 
The rather erratic fluctuations in the abundances 
o:f ~J?...~ocheli..§! 9-'.!~~~ and ~~ E_rev:ipes. yielded very 
low coefficients (0 .. 17 and -0.07, respectively) t<Then 
correlated w·i th mean turion length. Only their 10\'l 
abundances in December 1975 appear to correspond with 
the low abundances of eelgrass during that month. 
In swnmary of the above analyses, correlations 
between mean turion length and each of the eleven most 
· .. abundant· .. species 1-ri thin the ~~£.0~ bed shm..dng signif .. 
icant changes :i.n abundance over time yielded no signif-
icant correlations. Some interesting trends are ap-
parent, though, and more extensive sa.mpling might have 
yielded some significant relationships between· benthic 
species abundances and abundance of eelgrass. 
/ 
Table III: Correlation of' mean turion length with mean 
total number of individuals per sample and with each of' 
the eleven most abundant species within the ~9s.te,:r.:,§!, bed 
"trhich showed a significant change in abundance over time 
(N= 5). 
----------------------------------------------------------------------Component correlated with 
mean turion length r p 
--------~--___,_.-n·----------..,.....-----·-· .. ------
Number of' individuals per sample 
Number of' l!~c!!.<!!na~t~ calif'orn~­
§_~ per sample 
Number of' gb~"t~Ee.:L~ Ei.S~~ll~.!i~?.£­
,gj:.!!, per sampl.e 
Number of' EuP2,l,;y}m4-:_ ~rescen"Si~! 
per sample 
Number of' Aoroides columbiae per __ _, --
sample 
Number of' ~tochelia dubia per 
sample 
Number o:f ~~ br.£Y.i.:ee.s. per 
sample 
n.s. 
0.24 
0.17 n. .s 0 
••Oo07 n.s. 
·-----·--·-· --
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Seagrass systems are widely distributed in coastal 
areas and are among the most productive systems in the 
ocean (McRoy and Nc:rvlillan, 1973; Thayer, et al, 1975)$ 
Productivity rates for seagrasses alone are high; 
_?_os.t~ ~:t;,i,~~ produces from 5- 600 grams of carbon 
per square meter (Phillips, 197L.1:). Other primary 
producers in the system are benthic microalgae and macro-
al.gae, phytoplankton and epiphytic algae at-tached to 
seagrass blades. The yearly amount o:f Zoster..2, leaves 
and organic debris which :fall to the bottom to become 
detritus plays an important ecological rol.e, directly 
as :food :for bottom animals and, more importantly, in-
directly by :forming a substrate :for microorganisms 
which are eaten by deposit-feeders (Newell, 1965; Fen-
chel, 1969). Several investigations have shown that 
the organic nitrogen and organic carbon content of 
deposits increases logarithmically as deposits become 
:finer (New·ell, 1970, 1965). The sur :face area o:f deposits 
largely controls the level o:f bacterial population~ 
Values o:f organic carbon and nitrogen in intertidal 
deposits are therefore considered to be a reliable esti-
mate of the standing crop of bacteria and associated 
microorganisms (Newell 9 1970). The organic matter in 
tho detritus and in decaying roots also initiates sul-
71 
fate reduction and main·tains an active sulfur cycle 
(Thayer, et al, 1975). The roots bind the sediments to-
gether and, with the protection provided by the leaves, 
surface erosion is minimal. The leaves retard currents 
and increase sedimentation of organic and inorganic 
materials around the plants .. 
'rhe stability of the substratum is a principal 
:factor determining the overall nature of the organisms 
in intertidal communities (Newell, 1970). The grain 
size is also an important parameter in determining 
feeding type of the animals living there. Sanders (1958) 
states that the predominantly silt and clay sediments 
w·hich accumulate in areas of' l"Veak currents support small 
numbers of :filter feeders, while iuf<:nm.al .subst·rate*• 
feeding ~s favored by the fine particles and organic 
matter which settle. The high organic content results in 
extensive deoxygenation of the mud so that some benthic 
animals react by building burrows or tubes which main-
tain contact with the w-ater above (Yonge, 1952). Organ-
isms feeding exclusively on deposited food are expected 
to reach maximwn diversity and biomass on fine-grained 
organic muds with abundant food supply (Rhodes andYoung, 
1970)o Herbivores and detritus-scavengers would also 
be expected to thrive in an environment which is sub-
jected to the continual rain of organic material exper-
ienced 1..-ri.thin an eelgrass meadmoro 
The above description may depict the situation.f'ound 
in the benthic community investigated in this research .. 
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The :faunal assemblage is dominated in abundance, number 
o:f species and probably also in biomass by polychaetes. 
Howege (1976) states that most species o:f polychuetes 
on Lawson's Flat are deposit-:feeders, though some are 
herbivoreso The deposit-:feeders have wider ranges of 
distribution while the herbivores are confined to £!.y_~ 
and !!!,:~£_9m92::.E.b_~ beds.. It is expected in this study 
that the L2~tera. bed also provides a rich environmen-t 
for herbivores. 
l"rom the standpoint of' :feeding types of' the inver-
, 
tebrate in:fauna, this community is dominated by an abun-
dance of deposit-feeders and herbivores. O:f the 34 
"species found consistently within the eelgrass bed 
through the study. (Tables I and II) , :fi:fteen are con-
s1dured as primarily deposit-:feeding organisms: the 
1 polychaetes 1:.!• .£!!.bi.:forniensis, !::.• ~rod.~,!!' .!?.• ~--
the arthropod species ~· 
unidentified oligochaete species. Fourteen species " 
(including one of the above) may be classified as herbi-
vores wl-lich sce.venge among bits o:f organic debris and 
algae for their :food: 
cali:fornica~ 
~ ... ------..~ 
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Seven species may feed alternatively or exclusively by 
raptorial means: The arthropods L~ dubia, C. californica 
-- .... --~
and g. ~_:testi_n;~~.; the polychaetes !'r,o £~.£_coi.de.~ 
and g .. p_ore.ali.e:,; the anthozoan ~~~ sp. and the un-
identified Nemertean species. Only three species of 
filter-:feeders w·ere found to comprise a consistent por-
ascherusicl3,El• The obvious de~~ree of' overlap of feeding 
types in some species is to be expected., 
In consideration ~:f life habits of the benthic 
species l-ri thin the Zoste~ bed, the community is dominated 
by tube-builders and burrowers. This is due to the 
abundance of organic ma·terial w·i th which to construct 
tubes. and the na.ture of' the substratum which favors 
deposi t-f'eeding bm·rmo;ers (Nel'rell, 1970). Of' the 34 
consistent species in the community, eleven build and 
i:nhabi t tube-like dwellings or burrmrs :for aJ.l or part 
of their existence: the polychaetes E. lourei, A. rubro-
- -..-.. .... ----
Thirteen species 
• 'if 
spend their lives as sedentary (in the case of two species) 
or errant burrowers: 
tary), £• 2.,.{1~.brancha (sedentary); the amphipod E.• 
. ~ and the unidentified oli.l!;ochaete and nemertean 
specieso Nine of these are listed above as deposit-
feeders. Nine of the consistent species in the commun-
ity survive as :free-living entities on or above the 
surface of' the mud: the polycha.etes £'!o .s~ecoides,, fi• 
these are listed above, as herbivores, four as carni-
vor.es, and tw·o are deposit-feeders~ Four species 
are commensal l"Ti th or parasitic on other species: !:!• 
£i.E-~~ (inquil:i.nous, ectoconunensal or ectoparasi tic, 
hosts poorly knol>m, Barnard, In Smith and Carlton, 1975), 
or polyc,haetes, Blake In~ Smith and Car.lton, 1975)o 
Sanders (1960, 1968) maintains that c01rununity 
structure is determined by both physical and biological 
:factors. His time-stability hypothesis sta·tes that in 
an environment of' historically lo-w· physiological stress, 
a biologically-accomodated_community evolves; while an 
environment of' historically high physiological stress 
a 
supports a physically-controlled community. '.rhe :former 
case constitutes a stable, 11 predictable 11 environment in 
1~hich specialized species predominate, wpereas in the 
latter situation, more generalized species inhabit the 
"unpredictable" environment (Slobodldn and Sanders, 1969; 
Grassle and Sanders, 1973). It is suggested that the 
benttws ,.,ithin ·th~) ~t~Ei! bed investiga·ted he.re repre-
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sents a predictable environment of low stress "t'rhich 
supports a rich, biologically-accomodated infaunal com-
munity. 
Several factors may contribute to the stability 
of this environment o The abundant food sourct~s for 
deposit-feeders and herbivores has been discussed above. 
The daily exposure of this Zostera meadm'J' to tidal cur-
rents may also be important. The deficiency of oxygen 
in a dense Zostera bed is ~.Yell-documented (Rasmussen, 
1973 and others) and is mentioned above. Rasmussen 
describes a Danish eelgrass bed which is high in organic 
matter, but experiences no tidal influence. The benthic 
infauna is very poor both in nwnber of specimens and 
numbe.r of' species. The community is dominated by poly-
chaete, ol:i..gochaete, nematode and bivalve species which 
are all able to 1.Yi thstand very lo't.Y oxygen tensions., He 
a1so cites a study of' an eelgrass bed in the Knysna 
Estuary, South Africa, ~.,here the fauna among Zostera 
plants exposed to the regular tidal range (approxi-
mately two meters) is very rich. 
The tidal currents at Lavrson is Flat may maintain 
,. 
a fairly constant salinity in the waters over the eel-
grass bed. Benthic sampling for this study took place 
during a year of' local drought so that the effects of' 
:fresh-water runoff on the salinity over the flat were 
probably minimal~ Being located near the ciotith of 
Tomales Bay, the study area receives a daily influx of 
76 
oceanic water. Although this ~~~~ bed is located at 
the upper distributional tidal level for the species 
(Thayer, et al, 1975), the bottom is never completely 
exposed during low tide so that the benthic :fauna is 
not subjected to wind and dessication. Nor is this 
~9.!l..i!ir2. bed subjected to extremes in 'l•ra ter temperature. 
Lm'l tide water temperatures ranged during this study 
from a lm., of' 8,.0°C (early AM, April 1976) to a high 
of 14.0°C (early AH, July 1975). The lov1est tides at 
this locale occur in the early morning through the spring 
and summer months, and in the late a:fternoon during the 
fall and winter months, so that the eelgrass bed is 
probably seldom subjected to extremes in water tempera-
ture. 
Elli~9.f ,Hemo,va:l:., of _Zo~tera Plants on the Bent.E....~ 
Infauna 
--
Rasmussen (1973) documents a fundamental change in 
the substratum of Zostera beds in the Isefjord, Den-
mark following the destruction of eelgrass by the 
'\'~Tasting disease of the 1930's.. The bottom of the un-
protected shores became generally ~oarser, depending on 
the strength of water movement, and the benthic fauna, 
formerly dominated by burrmd.ng deposit-feeding species, 
began to sho1'1 dominance o:f such species as ~1x_t:i)=.~~' 
~~~' etc .. , animals 1'1i th high oxygen demands and 
dependent upon rich supplies of pianktonic organisms 
and suspended matter for filter feeding& Wood (1959) 
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observed that after the removal of Zostera in an east 
--· 
Australian seagrass community, the bottom sediments be-
came oxidized and the recovery of eelgrass was impared. 
Wilson (1949) reports that following the disappearance 
of' Zos~ at Salcombe, England the sediment be1-;ame more 
stony than before and became largely covered with sea-
w·eeds. The benthic fauna '\'las not as rich as before, 
and some species previously common became rare or dis-
appeared altogether. Stauffer (1937) describes the area 
of' \voods Hole, Nassachussetts as the eelgrass declined: 
Most animal species living on or among eelgrass dis-
appeared "tdth it. The decrease in number of character· .. 
istic species was by approximately one-third. Later, 
vzhon the eelgrass became reestablished in limited areas, 
the· entire community reappeared whereever eel,~?;rass was 
:found. In another study, small areas cleared of' ~2.s.t.ex:~ 
by hand recovered completely within one season (Harshall 
and Lukas, 1970). Orth (1976) investigated the role of' 
disturbance in an eelgrass community. He concluded 
that eelgrass beds appear to exist in a dynamic con·· 
di tion bebveen reestablishment by vege-tative and reprp-
ductive precesses, and destruction by cowno.se rays, 
boats and other :factors.. There are concomitant in·· 
creases and decreases in species diversity (number o:f 
species) and dens:i. ty with the changes in eelgrass a bun-· 
dance, 1ri1ich results in a temporal and spatial mosaic 
of' di:ffercnt species diversities and donsities '\d thin 
an eelgrass bed. This is attributed to either in-
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creases or decreases in sediment stability and micro-
habitat complexity. 
Similar effects on the benthic infauna were ob-
served at Lawson's Flat following the removal of eel-
grass plants from the experimental plots in this study. 
Overall :faunal density (mean number of individuals per 
sample) and species density {mean number of species per 
sample) were significantly decreased in the experimental 
clearings. Although no quantitative analysis of the 
sediments w-as made, the surface of' the substratum was 
not observed to change appreciably in quality or ap-
pearance during this study. The eelgrass did not re~ 
invade the cleared quadrats during the year of sampling 
even though the roots and rhizomes had been le£t intact 
£allowing the removal of the leaves. However~ the 
clearings were colonized by patches of ~omor .. l?.h!l and 
Ulva in the late fall and early winter (September- De-
-
cember, 1975). 
Five of the eleven dominant invertebrate species 
decreased significantly in density due to the removal of 
eelgrass and sixteen of the 34 benthie species ·which 
.. 
were sampled consistently throughout the year f'rom with-
in the existing community l'Tere signif'icantly decreased 
in overall density in the experimental arf:las ('l'ables I 
and II). 
Four species which are described <J.s common among 
Zostera marina of the central California coast (Smith 
--~---... --~ 
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and Carlton, 1975) were significantly decreased in over-
all abundance due to the removal of eelgrass: ~· ~-
species were not significantly affected: C.. calLforn:i.ca, 
,._,. - ... --~---_.,_.. 
Of the f'i:fteen deposit-feeding animals continually 
present within the eelgrass bed listed above, only six 
species were significantly depressed in overall abun-
dance in the experimental communi ties: !!• !.u.brocir~c;l_:!!, 
!:!• st:=:.ili~~ Nine of' the fourteen herbivores were signif-
(of seven) carnivore species, !!·Yi£i~.inte.s.-t:J.na.l2_, ~· 
I!-qge:ttensis, (of three) ,.,hich w·ere :found consistently 
vri thin Zost:_er .. '!l >rere significantly changed in density in 
the clearings. The overall abundance of ~e:e..I:!:t:2 was 
higher in the experimental communities while those of\ 
the other species were lower in overall abundance. 
The tube-building members o:f the benthic fauna 
were affected due to the removal of eelgrass by a 
decrease in overall abundance of four of the eleven 
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were affected in overall density~ Five of the thirteen 
burrowing species sampled consistently from within the 
eelgrass were lower in abundance following removal of 
~q,stcx,:,~: !• ~, Q~ !:~.!.E.b.i, !> .s~.fE.l}atu.~, !:.• 
.!?_:r:,e;v:.:!:.c..E.:! and ~· ~~ct.~. O:f the nine species which live 
on or above the substrate within the Z2!!.~~. bed through-
out the year, four were sampled in lower overall numbers 
from the clearings:· £!• Q.U~ej;~~.iJ! 1 !!• :y~r=!-.C!.:!:E,ts._~~naJ:2., 
!l• Q9CideJli~ and !:!• ~~.. T·wo of the charac-
teristically commensal (or parasitic) species became 
J.ess abundant following the removal of ~~!:.!'~: ~­
~~ 1.2£.$_ipes. and ~.:!~ . ..OJ?.~ cis·te!_!.§!.. The host organism 
of f.~!.~, A~i,<.!,th2.ll~ ~E.:r..2.£i!~~' also decreased sig-
ni:f:i.cantly :i.n abundance .. 
In summary of the above, roughly one-third of the 
deposit-feeding species, two-thirds of the herbivores 
and one-half of the carnivore species which w·ere con~ 
stantly present in the benthic community within the 
.0?,~ bed were significantly decreased in overall 
density due to the removal of eelgrass plants. Approx-
imately one-third of the tube-building species, one-. 
half o:f. the burrowers and one-half o:f the species living 
above the substratum became less abundant :Ln the experi-
mental clearings. 
A :few interesting trends were noted among taxonomic 
groups. All three of the capitellid polychaete species 
shm~ed no signif'icant changes in abt.mdances after the 
removal of ~~~.. O:f the five gammar.id amphipod 
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species 1 only one, .£• !!.~.sll-~2&£..~, 1-ras not signit'icant-
ly reduced in abundance in the clearings. It has been 
suggested that the deposi t-·f'eeding lf.~lym~i..!! cres.~!l't~ 
is attracted to patches of algae on the mudflat (Obrebski, 
pers. comm.). It is therefore interesting to note the 
higher mean abundances and high variances in distribution 
of this species in the clearings, especially clearing A, 
during September and December 1975 when patches of algal 
cover in the clearings ,.,ere evident (F'igure ll!). £1~-tx­
l,ler:...ei~. bican~ll~.~laj:.!!,, an errant herbivore species, also 
had a higher density and variability of distribution in 
the clearings during the same months (Figure 1,3). The 
one .species w"hich had a significantly higher overall 
abundance in the experimental clearings· ,.[as I~e.l?l!_ty_! 
~1!:1£E~Q.id..Q!l, an errant carnivore which prefers cleaner 
sands to muds (\ieinberg, pers .. comm.,). 
Several variable physical and biological f'actors 
which determine the naturH of a benthic community may 
have been affected in this exporiment. The flow of tidal 
currents through the experimentaJ. quadrats is expected 
to be increased due to the s;bsence of' the ~~!'~El plant's, 
,.,hich might serve to S'\<Teep the bottom clean of organic 
detritus and some of the smaller-grained sediments. This 
would certainly affect the herbivore speci~s and some of 
the tube-builders >'>hich util:i.ze this material,. The ab~ 
uence of the ba:f.fling effect eelgrass plants have in a 
current may have caused a decrease in turbidity and therew• 
fore an increase in lig:h t penetration through the water • 
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This effect, in addition to the space made available by 
the removal of eelgrass, might have allowed for the in-
vasion o:f the clearings by green algae during September 
and December. Areas cleared of eelgrass may also provide 
opportunities :for ray disturbances on the bottoma These 
animals sometimes lay partially buried in the mud.. This 
would certainly affect the bottom :fauna. Among the bio-
logical :factors ·which probably also are importan·t deter-
mining variables in this environment, the removal of' 
~~ plants may provide opportunities. :for increased 
pre<l'a tion on the infauna by fish, birds and other wander-
ing predators; and decreases in food availability, habi-
tat ~omplexity 9 niche availability and larval protection. 
All. these factors are potential :for a harsher,·morc u.n-
precl.ictable environment and the <:!oncurre:n.t reduction in 
faunal and species df.msities observed he1·e,. 
Natural disturbances \'thi.ch might 'result in a loss o:f 
Zo_2.~ veget.ation from an area include disease, dis-
ruption of the sediment by rays and toad:fish (Orth, 1976) 
and seasonal anomalies in local weather patterns such as 
abnormal amounts of rain or solar irradiation. 
Among man~made perturbations v1hich occur in coastal 
zones, dredging o:f bays and estuaries might be detrimental 
·to sGagrass communi ties. Increased suspended ma·tter ac-
celerates sediment deposition, causing changes in the 
redox potential of the sediment by the rapid addition of 
oxidized materials$ Eelgrass density may also be reduced 
considerably under these conditions by the direct smothering 
of the grass and a decrease in available light due to 
increased ·.turbidi·ty. Synergism further amplifies the 
role of _?os.t.era.: A loss of eelgrass would resu.l t i.n in-
creased turbidity which decreases the productivity not 
only of' the remaining ~<!.s:t.er~ but also theu phytoplankton 
and benthic algae. However, redistribution of the bot-
tom sediment~ may enhance productivity by increasing the 
availability of mineral nutrients. Toxins might also be 
released :f.rom dredged sediments (Thayer, et al, 1975). 
The activities of commercial fishermen using bot-
tom trai'lls in bays, sounds and estuaries frequently con-
flict l~~i th the success of' eelgrass. The plants are up-
rooted and bottom sediment is stirred up, causing oxidation 
of t.he sediments so that recolonization by ~~!'..!!. is 
impared (Thayer and Stuart, 1974). Clearing adjacent 
agricultural lands or channeling streams, thereby causing 
an increase in erosion, would put large amounts of' sedi-
ments into an estuary, possibly having effects on eelgrass 
similar to those of dredging. 
The addition of' waste materials to estuarinf) ceo-
systems usually impinges more directly upon the animal 
components than upon the primary producers. Direct ef'-
fects of pesticides and other chlorinated hydrocarbons 
on eelgrass or other sea~~rasses are generally tmknown 
(Thayer, et al, 1975). 
Since most seagrasses undergo normal seasonal fluc-
tuations :i.n production and abundance l'Thich arc-3 in part 
related to water temperature, thermal pollution can have 
a critical e:f:fect. There are upper and lower temperature 
tolerance limits beyond 'trhich seagras.ses may he des·troyedo 
Heated water released into eelgrass habitats could dis-
rupt the reproductive cycle of' ~.~.t~~EE., interfering with 
the normal temperature-dependent periodicity o:f. :flow·ering 
and germination (Phillips, 1974). 
Growth of' Zostera marina 
--~- - ._ ... _.,. ________ 
The seasonal growth pattern of' ,?_~s"ter.~ plants ob-
served in this study generally matches those established 
by othe:t~ investigators. Penhale (1977) observed in a 
~..2.!L~~ bed of' North Carolina lo>rest eelgrass and ep:i-
phyte-productiv~ty during the spring and early su~ner, 
. maximwn productivity in the late summer and f'all, f'ol-
lowed by a decline through the w·inter. Minimum above 
ground biomass o:f the eelgrass bed was in January, f'ol-
lowed by a steady increase in biomass to the maximum 
reached in Harch, then a general de1~line through the rest 
of' the year. She attributes the seasonal trends to 
,. 
environmental :factors associated w·ith tidal heights: 
the seasonal i.ncrease in temperature combined w·i th the 
periodic exposure of the eelgrass to high temperatures 
and partial dessication at high tide dur:Lng the summer, 
resulting in a decline in biomasso Since little tempera-
ture variation occurred to the water above tb.e .&<?..~.i.~e.rE., 
bed investigated in the present study 1 possibly because 
of' the nature o:f the local tides (discussed in previous 
sections above), it is suspected that the amount of in-
cident light was a more important factor in determining 
the growth cycle o:f ~o.s.tera, at Lawson's Flat., 
The seasonal climatic changes in amount of solar 
irradiation and the differences in seasons from year-to-
year sould be considered in investigations examining the 
abundance of ~2.~2. marina. Growth in length and thus 
also in biomass of eelgrass at La,'lson 1 s Flat w·as shmm 
here to be significantly retarded due to a 33% decrease 
in light, even at its upper distributional margin l'there 
light is most abundant and. during the time of' year "!'then 
the a:r·ea receives the most solar irradiation,. 'I'his im-
plies· that the seasonal grmrth of' e•3l.grass is extremeJ.y 
sen.si:tive to .. the amount of solar radiation it receives. 
Harked differences between the peak mean tt.u•ion lengths 
were observed in the summers o1"' 1975 and 1976, but the 
causes are unknown. 
'.ridal height may also be an impor·tant fv.ctor,. The 
lower daytime tides "''thich occur during the spring and 
summer in this area allm.., for a higher degree of: light 
penetJ.~ation to the ~t.E>£,i! plants. 
The ef.fects of reduced light on the shedding of 
~-st.!ll~ leaves should also be considered in descriptions 
of the yearly growth cycle of eelgrass. It has been 
shown here that a reduction in light may be a triggering 
:factor in the yearly sloughing-off oi~ leaves.. That this 
phenomenon is usually observed in the late summer and 
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early :fall when the length of' day is decreasing also sug-
gests this mechanism. Backman and Darilotti (1976) sug-
gest that the loss of leaves in response to reduced levels 
of' irradiance may be a vestigial holdover from ancestral 
plants that lost their leaves as an adaptation to adverse 
conditions. rt may be an adaption by which the eelgrass 
rids itself' of' epiphytes that bloclt the light, thereby 
reducing the probability ot: epiphytes colonizing newly-
growing turions. 
The abtmdance of eelgrass (biomass and size of' 
the plants) has some direct and indirect ecological con-
sequences. ~ leaves are lost annually to become 
organic detritus .s A reduction in amount of eel~~rass due 
to reduced irradiation or decreAsect.water tranoparency 
might have some effect on the benthic comnnmi ty among the 
eelgrass plantso An early and heavy loss of leaves trig-
gered by unusual changes in light availability might also 
affect organisms depending on detrital ~os.t~~ for f'ood. 
Other possible ecological effects of' a decrease in 
Zo~tera length and biomass or the loss of leaves include: 
1) :for animals such as the herring £1.'!.~ ~:r_e_:q.~~ 5 
which lay their eggs on eelgrass leaves (Hard·w·ick, 1973) 1 
a reduction in available substrata for egg deposits and 
f'e,.;er hiding places f'or juveniles; 2) i'or animals w·hich 
f'eed directly on eelgrass such as the black brant BFant~ 
!1-i.:.~.E..' a decrease in available f'ood (:Z..·Ioff'i tt and Cot-
tam~ 19L1:1); 3) :for epiphytes ·t-~hich colonize eelgrass 
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blades, a decrease in available substrata for growth, 
although an unusually large bloom of epiphytes could 
conceivably be the ce.use of a reclnction of eelgrass abtm-
danco or loas o£ leaves due to shading. 
'I'he reduction of' eelgrass growth and the loss of 
leaves in response to light reduction should therefore 
b~:1 considered by those studying ~~~ ~ in s·tudies 
concerning the abundance and seasonal fluctuations in 
abm1cl.ance where changes in solar irradiation or water 
transparency may be important controlling factors and by 
planners of' projects near coastal areas containing eel-
grass which might alter w-ater transparency, light trans-
mission or water depth. 
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APPENDIX A 
Benthic Infauna Data: 
Sample times and sizes and 
Species rank-by-abundance tables 
... ~ . 
Table A-1. Sample times and sizes. 
Num~er of samEles 
Date \vi thin Experimental Clearings 
(month, day, year) Zostera A B Total 
6-11-75 10 
9-6-75 10 2 2 q, 
12-2-75 10 :; :; 6 
3-18-76 10 :; :; 6 
6-11.-76 1.0 .3 :; 6 
.. 
"' V1
'l'able A-2. Species ranl~-by··abm1dance 'd thin Zostera. Data 
pooled over entire study {N=50). 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll. 
12 
13 
l.lx 
15 
1:6 
1'7 
18 
19 
20 
21. 
22 
23 
24 
25 
26 
27 
28 
29 
:;o 
Species 
Total # in 
N samples 
Exogone 1ourci 
Mediomastus californiensis 
Aoroides colwnbiae 
Photis brevipes 
Axiothella rubrocincta 
Nebalia pugettensis 
I.eptochelia dubia 
Carn·ella caJ.iforuica 
Plat~1creis bicanaliculata 
J~upolymn:i.a crescentis 
Notomastus tenuis 
Corophium ascherusicum 
Halosoma viridinteBtinale 
Th,emiste zosterico.la 
Hm1na u'biqtti ta 
Amphiod~.a occiderd:ulis 
Hetopa ciste1la 
Dorvillea rudolphi 
Capitella capitata 
Edwardsia sp. 
Parapho:>.."tls cognatus 
w1ident~ Oligochaete species 
Phyllaplysia taylori 
Armandia brevis 
Haploscolop1os elongatua 
eirriformia spirabrancha 
Gammaropsis thompsoni 
unident. Nemertoa species 
:f.facoma seota 
Cumella vulgaris 
5497 
1812 
1811 
1090 
896 
870 
496 
375 
:;44 
:;:;6 
260 
239 
214 
195 
167 
136 
117 
113 
110 
99 
95 
90 
86 
75 
72 
68 
62 
59 
52 
45 
li'requency in 
N samples 
50 
45 
50 
41 
50 
43 
40 
37 
33 
47 
42 
29 
27 
41~ 
29 
45 
28 
27 
35 
35 
28 
30 
17 
35 
33 
18 
4 
24 
26 
20 
Nean 
#/smpL 
109o9 
36~2 
:;6.2 
21.8 
17.9 
17 .. 4 
9e9 
7o5 
6.9 
6.2 
5.2 
4.8 
4 .. ·:; 
3e9 
:;.:) 
2.7 
2.,3 
2.3 
2 .. 2 
2.0 
1.9 
1.8 
1.7 
1.5 
1 .. 4 
1.4 
1.2 
1.2 
]..,0 
0.9 
Table A-2 (cont'd). 
Ranlc 
31 
32 
:n 
34 
35 
:;6 
37 
38 
39 
Ito 
lJ:l 
42 
4:; 
4h 
45 
46 
47 
48 
49 
50. 
. ······51 
52 
53 
5/.1: 
55 
56 
57 
58 
59 
60 
61 
62 
Species 
Nephtys caecoides 
Pherusu papillata 
Listriolobus pelodes 
Pinni:x:a J.ongipes 
Pontogene:i.a sp. 
Anaitides williamsi 
Hemipodr..ts borealis 
Brania sp .. 
Transennella sp. 
Cladonema californica 
Harmothoe l.unulata 
Polydorn ligni 
Hacoma nasuta 
Idotea resecatu * 
'l'otal # in 
N samples 
37 
35 
33 
29 
25 
21 
20 
20 
20 
17 
liJ: 
J.ll: 
11 
10 
unident., bivalve juvenile * 10 
A~cidia coretades • 10 I • 
u:nident. Platyhelminthes * 9 
Hep1:o.carpus paludicola * 9 
Protothaca staminea * 7 
Fabricia berkeleyi 7 
Idotea sp~ 6 
Hacoma yoldif'ormis 6 
Harmothoe imbricat.a 6 
Pectinaria calit'ornien.sis :; 
Neanthes spe * 3 
Glycera convoluta * 3 
Scoloplos armeceps * 3 
Ampelisca crestata 2 
Hippolyte californiensis 2 
Listriella sp. * 2 
Idotea urotoma * 2 
Eumida bifoliata * 2 
Frequency in 
N samples 
25 
13 
1'1 
21 
5 
15 
16 
13 
10 
6 
11 
11 
6 
9 
8 
7 
7 
5 
7 
ll: 
6 
5 
4 
3 
2 
2 
2 
2 
2 
2 
1 
97 
Hean # 
/sample 
0~5 
o.IJ: 
Ool.l: 
Oo4 
o.4 
o.;; 
Oe3 
0"3 
o.,2 
0.,2 
O.,l 
0.,1 
0.1 
0.,1 
0.,1 
<0"'1 
<O .. l 
<O*l. 
<o.,1 
<O.l 
<O~l 
<o ol 
<O.l 
<0.1 
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'Table A-2 (cont 1 d)"' 
Total # in Frequency in 
Ra:Iilt .S-pec~ies N samples N samples 
£3 Glyc:i:ncle -polygna the. ... 2 l 
£It C:aprella laeviuscula * 1 1 
·6:5 .EulaLi.a avicul.is eta 1 1 
£6 :Eun.oe 's.eni;a ~' 1. 1 
67 .Glycera americana * 1 1 
£8 Jle:mi gra-p:s us u.re gm1ensis ,. 1 1 
69 P:andal:tls danae * ]_ 1 
70 Par.ac,nrc rd.:s cordata * 1 1 
7J. Par;a:ph n:xus :SJJinosus l 1 
7.2 nn..i..rl :e:n:t <0 C:a:r.idea juvenile 1 1 
Total: 16,290 i.nmividuaJ.s 
J.-1ean: 325.8 per sample 
I 
N:ii.nnt<el'rn :s:r)ec:i:es :not Tound in e:>..-periment:al cJ.eari.ngs 
d:ur:i:n_g ~nti:re study_ 
e 
Nean # 
/sample 
<O.l 
<Ool 
<O.l 
. c:::o.1 
<o .. J. 
<0 .. 1 
<o .. l 
<Ool 
<O.l 
<o.J. 
Table A-'5., Species rank-by-abnndance in experimental 
clearings., Data pooled over entire study (N=22)., 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
J.l.t-
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
Species 
Total. # in 
N samples 
Exogon.e lourei 
Mediomastus califarniensis 
Aoroides columbiae 
Eupolymnia crescentis 
Platynereis bicana1iculata 
Leptochelia dubia 
Axiothella rubrocincta 
Photis brevipes 
Notomastus tenuis 
Nebalis pugettensis 
Capre1la cal i:forni.c:a 
Ed>·rard.sic.•. sp o 
Cir:r.-j_f'OJ.•mia spirabrancha 
wl:i.dent., Oligochaete sp~ 
TI1emiste zostericola 
Capitella capitata 
Nephtys caecoides 
Corophium ascherusicum 
Ilap1oscoloplos elonga tus · 
Halosoma viridintestinale 
Amphiodia occidentalis 
Listriolobus pelodes 
unident. Nemertea sp. 
Arman.dia brevis 
Pontogeneia sp. 
z.:acoma nasuta 
Dorvillea rud.olphi 
Ampithoe lacertosa 
Nunna ubiquita 
•• 
"'"'"' 
1636 
88:; 
392 
287 
227 
200 
194 
189 
182 
139 
79 
72 
:;8 
32 
31 
31 
30 
30 
29 
26 
21 
20 
17 
15 
10 
8 
8. 
8 
7 
Frequency in 
N samples 
22 
21 
21 
21 
14 
19 
22 
21 
20 
17 
16 
20 
17 
14 
13 
;t2 
15 
13 
16 
9 
14 
8 
10 
10 
5 
8 
4 
1 
6 
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He an 
#/smpl., 
7lJ:.,lJ; 
40el 
17.8 
13.1 
10.,:; 
9.1 
8.8 
8.,6 
8.;; 
6.3 
3 .. 6 
3·3 
1.·? 
1~5 
l.lJ: 
1.2 
1.0 
0.9 
o.8 
o.7 
o.5 
o.t.~: 
o.4 
o.11: 
o.J 
Table A-3 (cont 1 d) .. 
Total fj. in Frequency in 
Rank Species N samples N samples 
30 Brania sp. 7 5 
31 Nacoma secta 6 6 
32 Paraphoxus cognatus * 6 5 
33 Netopa cistella 6 3 
34 P:i.nnixa longipes 5 5 
35 Harmothoe lunulata * 5 4: 
36 Pherusa papillata 5 4 
37 Cumella vulgaris 5 4 
38 Phyll.aplysia taylori 5 3 
39 Anaitides williamsi 4 4: 
40 Ganunaropsis thompsoni ** 4 1 
41 Hendpodus borealis 3 3 
42 Pectinaria cal:i.f'orniensis 3 2 
43 Cladonema cali:forniensis •• 3 1 
4l! I * Hippolyte ca li:f.orni ensi s 2 2 
115 Idot.ea s:p. 2 2 
46 Hacoma yoldi:formis • 2 2 
47 Ampelisca cristata ** 1 1 
48 Crangon nigricauda * 1 1 
*** 
49 Eulalia aviculiseta * 1 1 
50 .. Fabricia berkeleyi * 1 1 
51 Harmothoe imbricata * 1 1 
52 Nacoma bal. thica. :: * 1 1 
53 Paraphoxus spinosus •• 1 1 
54 Polydora ligni ** 1 1 
55 Synchelidium rectipalmum ** 1 1 
*** 
56 Transenne11a • 1 1 sp., 
57 unident., Car idea juvenile ** 1 1 
Total: 4925 individuals 
Hean: 223.9 per sample 
• Nine species found only in experimental clearing A, 
** Nine species fow1d only in experimental clenring B. 
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He an 
#/smpl. 
0.3 
0.3 
o.3 
o.3 
0.,2 
0.2 
0.,2 
0.2 
0.2 
0.2 
0.2 . 
0.1 
o .• l· 
o.1 
<o.l 
<:o.l 
<:::0.1 
<o.l 
<O.l 
<O.l 
<O.l 
<O.l 
..c:::o.1 
. <0.1 
.::::o.1 
<.o .1 
<o.l 
.::::o.l 
* • • Four species found only in th..e expel~_imental clearin,~;s, 
not present \-t:i.thin ~..!.2!:..~· 
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Table A-'t. .. 
June 
Spec-des rani\:-by-abundance l'l"i thin Zostera 1 1975 (N=lO). 
Total # in 
Rank Species N samples 
1 Exogone lour.ei 920 
2 Aoroides columbiae 486 
3 Photis brevipes 139 
4 Axiothella rubrocincta 135 
5 Nebalia pugettensis 130 
6 Mediomastus californiensis 103 
7 Corophium ascherusicum 95 
8 Caprella californica 75 
9 Leptochelia dubia 63 
10 Notomastus tenuis 57 
11 Hu.nna ubi qui ta 55 
12 ... Eupolymni.a crescenti.s 41 
13 Hetopa cistella 40 
14 Capitella capitata 30 
15 Paraphoxus cognatus 28 
16 Theruiste zostericola 27 
17 Cumella vulgaris 22 
18 Amphiodia occidentalis 21 
19 Edwardsia sp., 21 
20 Haploscolopl.os elongatus 19 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Halosoma viridintestinale 
uniden·t. Oligochaete sp. 
Armandia brevis 
Cirrif'ormia spirabrancha 
Dorvillea rudolphi 
unident. Nemertea sp. 
Platynereis bicanaliculata 
Nephtys caecoides 
Polydora ligni 
Harmothoe hmula ta 
e 
19 
16 
15 
15 
15 
12 
9 
8 
6 
5 
Frequency in 
N samples 
10 
10 
9 
10 
9 
10 
9 
8 
8 
8 
8 
10 
6 
8 
8 
9 
6 
10 
6 
8 
3 
6 
8 
3 
6 
5 
4 
6 
4 
3 
1-fean 
#jsmpl .. 
9260 
i18 .. 6 
13.9 
13 .. 5 
13o0 
10.3 
9 .. 5 
7·5 
6.3 
5·7 
5.5 
4.1 
4.0 
3.0 
2.8 
2.7 
2.2 
2 .. 1 
2.1 
1.9 
1.9 
1.6 
1.5 
1.5 
1.5 
1.2 
0.9 
o.8 
o.6 
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Table A-4 (cont 1 d),. 
Total -II in Frequency in He an rr 
R~nk Species N samples N samples #/smpl. 
31 Nacoma nasuta 5 2 0.5 
32 Heptacarpus paludicola 
e 5 1 0.,5 
33 Idotea resecata 4: 4: Oo4 
:;4 Listriolobus pelodes LJ: 4 o.4 
35 Pherusa papillata q 2 0.,4 
36 Hemipodus borealis 3 3 0.3 
37 Pinnix~ longipes :; :; o.:; 
38 Harmothoe lunulata :; 2 o .. :; 
39 Fabricia berlceleyi 2 2 0.2 
LJ:O Naco rna sec·ta 2 2 0.2 
LJ:l unident. bivalve sp. 2 2 0 .. 2 
42 Anait:i.des 1dlliamsi 1 1 o.1 
4::; Hip}~oJ.yte calii~·orniensis 1 1 o.1 
LJ:lt Idotea urotoma 1 1 0.1 
.1!!) Pandalus dana.e 1 1 o.1 
LJ:6 Pect.inaria californiensis 1 1 o.1 
1!7 un.ident. Platyhelminthe sp .. 1 1 0~1 
Total: .2670 individuals 
Mean: 267.0 per sample 
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Table A-5. Species ranlc-by-abundance 'd thin Zostera 7 
September 1975 (N:lO)o 
!.lank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
_15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Species 
Exogone lourei 
Mediomastus californiensis 
. 
Aoroides columbiae 
Platynereis bicanaliculata 
Axiothella rubrocincta 
Nebalia pugettensis 
Leptochelia dubia 
Caprella ca1ifornica 
Photis brevipes 
Eupo1ymnia crescentis 
Themiste zosterico1a 
Halosoma viridintestina1e 
PhyJ_lap1ysia tay1ori 
.Notomast.us tenuis 
Corophium ascherusicum 
Nunna ubiquita 
Capitella capi tata 
Amphiodia occidentalis 
Dorvillea rudolphi 
Netopa cistel1a * 
tmident. 01igochaete sp. 
Paraphoxus cognatus 
Cladonema· californica* 
Ed,~ards ia sp. 
Cirriformia spirabrancha 
Hap1oscoloplos elongatus 
unident. Nemertea sp. 
Armandia brevis 
Nephtys caecoides 
Pherusa papillata 
Total tl- in 
N samples 
1279 
925 
243 
169 
165 
128 
122 
96 
83 
79 
63 
62 
56 
44 
30 
25 
21 
20 
20 
19 
19 
19 
16 
15 
15 
13 
13 
10 
9 
8 
Frequency in 
N samples 
10 
. 10 
10 
10 
10 
8 
10 
10 
8 
10 
9 
4 
7 
6 
5 
10 
8 
9 
4 
6 
6 
2 
5 
6 
3 
8 
5 
7 
4 
3 
Mean 
#/smp1o 
127.9 
92.5 
24.3 
16.9 
16o5 
12.,8 
12.2 
9.6 
8.3 
7·9 
6 .. 3 
6.2 
5.8 
4 .. 4 
3.0 
2.5 
2.1 
2.0 
2.0 
1.9 
1.9 
1.9 
1.6 
1.5 
1.5 
1.3 
1.3 
1.0 
0.9 
o.8 
Table A-5 (cont'd). 
Rank 
.31 
.32 
.33 
.34 
35 
36 
37 
.38 
39 
40 
41 
42· 
43 
44 
45 
l.16 
47 
. 4a 
49 
50 
51 
* 
Species 
Total # in 
N samples 
Frequency in 
N samples 
Pinnixa longipes * 
Hemipodus borealis * 
Hacoma secta * 
Brania sp~ 
Harmothoe lunulata 
Cumella vulgaris * 
Anaitides williamsi * 
unident •. bivalve juvenile * 
Idotea resecata • 
Listriolobus pelodes 
Scoloplos armeceps * 
'l'ranscnuella sp .. 
Fabr~cia berkeleyi • 
Heptacarpus paludicola * 
Idotea spf} 
Neanthes sp. * 
Macoma yoldiformis * 
Polydora ligni * 
Glycera americana • 
Glycera convoluta * 
unident. Caridea juvenile 
7 
6 
6 
6 
5 
4 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
---·-·~-·~----
Total: 3855 individuals 
:He an: 385.5 per sample 
4 
5 
4 
3 
4 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
He an 
#/smpl~ 
0.5 
o.IJ: 
0.3 
o.;; 
0.3 
o.:; 
o .. :; 
o.;; 
Oo2 
0.2 
0.2 
0~2 
0.2 
0.2 
o.1 
0.,1 
0.1 
Seventeen species not present in experimental clearings. 
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TabJ.o A-6. Species rank-by-abundance in experimental 
clearings, September 1975 (N=4). 
Rank 
1 
2 
3" 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1l.i 
15 
16 
17 
18 
19 
20. 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Total # in 
Species N samples 
Mediomastus ca.lif'orrd.ensis 410 
Exogone 1ourei 406 
PJ.atynereis bicanaliculata 117 
Nebalia pugettensis 90 
Eupolymnj.a crescentis 85 
Aoroides col.umbiae 69 
Caprella calif'ornica 40 
Photis brevipes 38 
AxiotheJ.l.a rubrocincta 37 
Leptochelia dubia 24 
No.tomastus tenuis 22 
Capitella capitata 18 
Co;ro-phium ascherusi<.~uni 12 
I • 
u.nideri'l;. Oli.gochaete sp. 10 
Themist.e zoster.icola 9 
Cjxrif'ormia spirabrancha 8 
Ampi thoe l.acertosa :! "' 8 
L.i.striol.obus pe1odes 7 
E.cbrardsia sp. 7 
Am:phiod.ia occidentali~; 6 
un±dent. Nemerteans 6 
Armandia brevis 5 
Hap1oscol6plos elongatus 5 
Munna ubiquita 4 
Halosoma viridintestinale 4 
Harmothoe 1w1ulata ~• 3 
Dorvi11ea rudolphi 3 
Phyl1ap1ysia tay1ori "'"' 3 
Paraph:oxus cognatus • 2 
Hacoma nasuta :,..,.. 2 
Frequency in 
N samples 
3 
4 
4 
3 
1 
3 
3 
4 
3 
4 
4 
3 
2 
2 
2 
3 
2 
2 
He an 
#/smple 
102.5 
101.5 
29 .. 3 
21 .. 3 
17.3 
10.0 
9o5 
9o3 
6.0 
4.5 
:;.,o 
2.5 
2.3 
2.0 
2.0 
1.8 
1.8 
1.5 
1.3 
1.3 
1.0 
1.0 
o.B 
o.s 
o.B 
0.5 
0.5 
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Table A~6 (cont 1 d). 
Rank 
... ~· 
31 
32 
33 
.3 LJ: 
35 
36 
37 
Species 
Brania SPo * 
Nephtys caecoides * 
Harmothoe imbricata * 
*** 
Transenne1la Spe • * 
Pherusa papi11ata ** 
unident. Car idea juvenile 
Idotea ** sp .. 
Total -4 in 
N samples 
2 
2 
1 
1 
1 
** 1 
1 
Frequency in 
N samples· 
1 
1 
1 
1 
1 
1 
1 
Total: 1469 individuals 
Nc.an: 367.3 per sample 
Six ,species found only in experimental clearing A. 
He an 
fl/smp1 .. 
0.,5 
0 .. 5 
0.,_3 
0.3 
0.,3 
0.3 
0.3 
Six species found on:ly in experimental clearing B. 
Three species found only in the experimental clearings, 
not present 1d thin Zostera. 
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'l'able A-7. Species rank-by-abtmdance w·i thin Zostera, 
December 1975 (N=lO)e 
Rank 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1/,t, 
15 
16 
17 
18 
19 
20. 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Total # in 
Species N samples 
Exogone 1ourei 1171 
Mediomastus californiensis 626 
A::dothella rubrocincta 230 
Aoroides columbiae 220 
Eupo1ymnia crescentis 148 
Nebalia pugettensis 141 
Platynereis bicanaliculata 131 
Notomastus tenuis 46 
Capre11c' californica 40 
Amphiodia occidentalis 34 
Dorvi1lea rudolphi * 29 
Phy1.1a}Jlysia tay1ori 26 
Themista zostericola 23 
Halpsoma viridintes~inale 21 
unident •. OJ.igochaet:e sp. 21 
Edwar.clsia_ sp. 20 
Armandia brevis 18 
Metopa cistel1a * 18 
Capitella capitata 17 
Leptochelia dubia 17 
Pherusa papi11ata * 16 
Corophium ascherusicum 13 
unident. Nemerteans 12 
Macoma secta 11 
Hap1osco1op1os elongatus 9 
Transenne11a sp. * 9 
Photis brevipes 8 
Pinnixa longipes 7 
Hemipodus borealis * 6 
Nephtys caecoides 6 
Frequency in 
N samples 
10 
10 
10 
10 
10 
10 
10 
10 
6 
8 
9 
8 
8 
7 
6 
7 
8 
7 
8 
6 
5 
3 
6 
4 
5 
2 
4 
5 
4 
4 
He an 
tl/ smp1. 
117.1 
62.6 
23.0 
22.0 
14.8 
14.1 
13.1 
4.6 
4.0 
3.4 
2.9 
2.6 
2.3 
2.1 
2.1 
2.0 
1.8 
1.8 
1.7 
1.7 
1.6 
1.3 
1.2 
1.1 
0.9 
0.9 
o.B 
0.7 
o.G 
o.6 
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Table A-7 (cont 1 d). 
Ranlt 
31 
32 
33 
34 
35 
:;6 
37 
38 
39 
40 
41 
~r-2. 
4:; 
44 
45 
46 
47 
48 
49 
50 
51 
52 
Species 
Total # in Frequency in 
N samples N samples 
Paraphoxus cognatus * 
Anai tides 'dlliamsi 
Cirriformia spirabrancha 
Ul1ide~t. bivalve juvenile'* 
Listriolobus pelodes * 
Brania sp. 
}lacoma nasuta 
Ascidia ceratodes * 
Polydora ligni * 
Heptacarpus paludicola * 
Idotea resecata' * 
unident. Platyhe1minthe sp .. * 
. GJ:ycera convoluta * 
Capre11a lacviuscu1a * 
Clad.onema calif.ornica 
Cume1la vulgaris '* 
Fabricia berke1eyi * 
Harmothoe imbricata * 
Harmothoe 1unu1ata '* 
Hemigrapsus oregonensis '* 
Pectinaria californiensis 
Proto~haca staminea 
6 4 
5 
5 
5 
5 
4 
4 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
4 
3 
2 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Total: 3151 individuals 
Mean: 315.1 per sample 
• 1'\.,-enty species not found in experimental clearings • 
• 
He an 
fl/smpl. 
o.6 
0.5 
0.5 
0.5 
0.5 
o.4 
o.4 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
o.·l 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
o.1 
0.1 
109 
Table A-8. Species rank-by-abundance in experimental 
clearings, December 1975 (N=6). 
.-Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
11.1: 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Total fl. in 
Species N samples 
Exogone lourei 691 
Mediomastus californiensis 197 
Eupolynmia cresc~ntis 150 
Aoroides co1umbiae 120 
Platynereis bicanalicu1ata 105 
Photis brevipes 77 
Leptochelia dubia 67 
Axiothella rubrocincta 56 
Edwardsia sp. 38 
Nebalia pugettensis 21 
Notomastus tenuis 19 
Nephtys caecoides 14 
Corophium acherusicum.. 14 
I 
Capre1la ca1ifornica 13 
unident. Oligochaete sp. 12 
Halosoma viridintestina1e 12 
Amphiodia occidenta1is 8 
Armandia brevis 7 
unident. Nemerteans 7 
Cirriformia spirabrancha 5 
Themiste zosterico1a 5 
Capitella capitata 5 
Brania sp. 4 
Haploscoloplos elongatus 3 
Pectinaria californiensis 3 
C1adonema ca1ifornica ** 3 
Anaitides williamsi 2 
Macoma nasuta 2 
Phyllap1ysia taylori 2 
Pinnixa 1ongipes ** 1 
Frequency in 
N samples 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 
5 
3 
4 
5 
4 
4 
3 
3 
3 
3 
2 
1 
2 
2 
2 
1 
He an 
#/smpl .. 
115.2 
32.8 
25.0 
20.0 
17.5 
12.8 
11.2 
9.3 
6.:; 
3·5 
3.2 
2.3 
2~3 
2~2 
2.0 
2.0 
1.3 
1.2 
1.2 
o.8 
o.8 
o.B 
0.7 
0.5 
0.5 
0.5 
o.3 
o.3 
Table 
Rank 
.31 
.32 
.33 
* 
** 
*** 
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A-8 (cont 1 d). 
Total # in Frequency in 
Species N samples N samples 
Hacoma balthica •• 1 l 
*** 
Nacoma secta * * l l 
Nacoma yoldif'ormis * l l 
Total: 1666 individuals 
Mean: 277•7 per sample 
One species f'ound only in experimental clearing A~ 
Four species f'ound only in experimental clearing 11. 
One sp<3cies found only in the experimental clearings, 
not present within Zostera. 
He an 
#/smpl. 
0.2 
0 .. 2 
0.,2 
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TabJ.e A-9. Species rank-by-abundance within Zostera, 
1976 (N=10). 
Rank 
1 
2 
:; 
4 
5 
6 
7 
8 
9 
10 
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2.3 
24 
25 
26 
27 
28 
29 
.30 
Harch 
Total //- in 
Species N samples 
Exogone lourei 1110 
Photis brevipes 546 
Nebalia pugettensis 346 
Leptoc~elia dubia 219 
Aoroides colwnbiae 180 
Axiothe11a rubrocincta 157 
Ha1osoma viridiutestinale 87 
Caprella ca1ifornica 87 
Mediomastus californiensis 79 
Notomastus tenuis 51 
Themiste zostericola * 45 
Eu.polymnia crescentis 36 
P1atynereis bicana1icti1ata 
Dorvillea rudolphi 
C·orophiurn ascherusicurn 
Amphiodia occidentalis 
Edlvards ia sp e 
Nacoma secta 
unidento Oligochaete sp. * 
Cirriformia spirabrancha 
unident. Nemerteans 
Armandia brevis 
Listriolobus pelodes 
Pinnixa 1ongipes 
Anaitides wi11iamsi 
Nephtys caecoides 
Metopa ciste11a * 
Brania sp. • 
Protothaca staminea • 
Haploscoloplos e1ongatus 
33 
31 
28 
27 
26 
24 
20 
18 
;.3 
12 
11 
10 
10 
9 
9 
8 
6 
6 
l<'requency in 
N samples 
10 
10 
9 
10 
10 
10 
9 
4 
6 
9 
10 
9 
8 
5 
4 
8 
10 
10 
3 
6 
4 
5 
2 
7 
6 
6 
.3 
5 
6 
He an 
#/smp1e 
111.0 
54.6 
34o6 
21e9 
18.0 
15.7 
8.7 
8.7 
7·9 
5.1 
4.5 
.3.6 
3•3 
3.1 
2.8 
2.7 
2.6 
2.4 
2.0 
1.8 
1 • .3 
1.2 
1.1 
1.0 
0.9 
0.9 
0.9 
o.8 
0.6 
o.6 
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Table A-9 (cont 1 d). 
Total # in Frequency in He an 
Rank Species N samples N samples ;;1/smpl. 
31 t.mident. Platyhelminth sp. * 6 4: o.G 
32 Transennella sp •. * 5 3 0,.5 
33 Paraphoxus cognatus 4. 3 o.4 
34 Cumell.a vulgaris 3 3 0.3 
35 Ascidia ceratodes * 2 2 0.2 
36 Capitella capitata * 2 2 0.2 
37 Harmothoe lunulata 2 2 o .. 2 
38 Listriella sp. * 2 2 0.2 
3.9 Phy1laplysia taylori * 2 2 0.2 
40 Po1ydora ligni 2 2 0.2 
41 Eumida bifoliata * 2 1 0.2 
l,H~ Gl-ycinde polygnatha * 2 1 0.,2 
'l-.3 ~!emipodu.s borealis 2 1 0.,2 
44 Idotea resecata "' 1 1 ·o.1 
45 I do tea .sp.,. * 1 1 0.1 
4.6 Eulalia aviculiseta 1 1 o .. 1 
47 Eunoe senta * 1 1 0.1 
48 J.lacoma nasuta 1 1 0.1 
49 Nunna ubiquita 1 1 0.1 
50 Neanthes SPo * 1 1 o.1 I 
51 Paracerceis cordata * 1 1 0.1 
52 Pectinaria californiensis * 1 1 0 .. 1 
------------
Total: 3289 individuals 
l-Ie an: 3 28.9 per sample 
* Ninteen species not present in experimental clearings • 
.. 
.. 
11.3 
Table A-10,. Species rank-by-abrmdancc in CX}Jerimental 
clearings, !·Io.rch 1976. (N=6)., 
Total -'l in Frequency in He an 
,·" 
;;-
nank Species N samples N samples f.!/smpl. 
]. Exogone lou.rei 37.3 6 62.,2 
2 Aoroidcs columb.iae 1.51 6 25.2 
3 Leptochelia dubia 96 6 16oO 
4 Axiothella rubrocincta 6o 6 10.0 
5 Ph otis brevi pes 57 6 9 .. .5 
6 Eupolymnia crescentis .34 6 5·7 
7 Notomastus tenuis 29 6 l! .8 
8 Nediomastus californiensis .22 5 .3.7 
9 NebaJ.ia pugettensis 21 4 .3·5 
10 Caprella ca1if'ornica 20 4 .3 .. .3 
ll. Edwardsia sp. 19 6 3.2 
12 HaploscoJ.oplos elongatus 14 4 2.3 
1.3 Cir.rif'ormia spirabrancha 11 6 1~8 
ilJ: Nephtys caecoides 11 6 1.8 
15 HaJ.osoma viridintcstina1e 10 4 1.7 
16 Listriolobus pe1odes 7 '4. 1.2 
17 Platynereis bicana1iculata 5 4 o.a 
18 C"ume11a vulgaris 5 4 o.8 
19 Amphiodia occidentalis 5 4 Oo8 
20 unident. Oligochaete 5 .3 o.8 
21 Nunna ubiquita 4 .3 0 .. 7 
22 unident. Nemerteans 4 .3 0.7 
23 Corophium ascherusicum 4 2 0.7 
24 Dorvi11ea rudolphi * .3 1 0.5 
25 Anaitides '"lilliamsi 2 2 0 • .3 
26 1-lacoma nasuta 2 2 0.,3 
27 !-lacorna secta 2 2 o.:; 
28 Eulalia aviculiseta * 1 1 0.2 
29 Harmothoe. 1unulata * 1 1 0.2 
30 Hemipodus borealis •• 1 1 0.2 
Table A-10 (cont'd). 
Rank 
31 
32 
33 
34 
. 35 
:;6 
37 
:;8 
39 
• 
** 
*** 
Species 
Total fj. in 
N samples 
Frequency in 
N samples 
He an 
#/smpl .. 
Pherusa papi1lata * 1 1 
*** 
Po1ydora ligni .... 1 1 
Ampelisca cristata ** 1 1 ..... 
Paraphoxus cognatus * 1 1 
:Parapho::...'lts spinosus ** 1 1 **"' 
Synche1idium rectipa1mum • * 1 1 
• * * 
Crangon nigricauda * 1 1 *** 
Pinnixa longipes ** 1 1 
1-lacoma yo1dif'ormis * 1 1 
----
Total: 988 individuals 
}olean: 164.7 per sample 
Six specJ.es found only in experimental. clearing A • 
Seven species found only in experimental clearing. B •. 
Five species found only in the experimerital clearings·,· 
not present within Zostera. 
0.2 
0 .. 2 
0.2 
0.2 
0.,2 
0.2 
0.2 
0.2 
0.,2 
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Table A··ll. Species ranlc-by-nbnndance 1d thin Zostera., 
June 1976 (N~Io). 
Rani.;: 
l. 
2 
3 
4 
5 
6 
7 
-8 
9 
~0 
~]. 
J.2 
~.3 
l.4 
25 
26 
27 
28 
29 
20 
22 
22 
23 
2l1 
25 
26 
27 
28 
29 
.30 
Species 
Exogone .lourei 
Ao:roides columbine 
Phoiis brevipes 
Axioth~lla rubrocicnta 
Nebalia pugettensis 
Nunna ubiquita 
Mediornastus californiensis 
Ca.prella cal.ifornica 
Leptochel.ia dubia 
Corophium ascherusicurn 
Notomas·tus t enuis 
"' 
Gamnmr1.1psis thompsoni 
C~p.itella capi.tata 
Paraphoxus cognatus 
Themist·c~ .zostericola 
Amphio(Ha occideuta1is 
Eupolynmia crescentis 
Netopa cistella 
Haploscoloplos e1ongatus 
Pontogeneia spe 
Halosoma viri1:1testina1e "' 
Armandia brevis 
Dorvillea rudolphi 
EdH·ardsia sp. 
Cumella vulgaris * 
Cirriformia spirabrancha 
Wlident. Oligochaete 
Listriolobus pe1odes 
Nac0l7ta secta 
unident. Nemerteans * 
Total tl in 
N samples 
1017 
682 
314 
209 
125 
86 
79 
77 
75 
73 
62 
62 
40 
38 
37 
3'1 
32 
31 
25 
25 
25 
20 
18 
17 
15 
15 
14 
10 
9 
9 
Frequency in 
N samples 
10 
10 
10 
10 
9 
10 
9 
9 
6 
8 
9 
4 
9 
5 
8 
10 
8 
6-
8 
5 
4 
7 
6 
6 
7 
4. 
5 
4. 
5 
1.1 
Ncan 
ifi/smplo 
101.,7 
68.2 
31.Jf. 
20o9 
_7.5 
7.3 
6.2 
6 .. 2 
4..0 
,;.8 
3 .. 7 
:;.4. 
3.2 
3.1 
2.5 
2.5 
2.5 
2.0 
1.8 
1.7 
1.5 
1.5 
J..L.1 
1.,0 
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Table A-ll (cont 1 d). 
Total Jl in Frequency in llean tr 
Ranlt Species N samples N samples f!/smpl. 
31 Pherusa papillata 7 3 Oc7 
32 Nephtys caecoides 5 5 0.5 
33 Ascidia ceratodes • 5 3 0.5 
34 Hemipoc;ius borealis 3 3 Oo3 
35 I do tea sp., 3 3 Ot-3 
36 Naco rna yoldiformis * 3 3 Oe3 
37 Transennella • 3 3 o.:; sp. 
38 Harmothoe lunulata 3 2 o.:; 
39 Ampelisca cristata * 2 2 0.2 
40 Anaitides williamsi * 2 2 0.2 
41 Brania sp,. 2 2 0.,2 
42"' Fabricia berl-.:eleyi 2 2 0.2 
43 :flinnixn lo;,tgip,_,s 2 2 0•2 
44 Pla tyner•e:is hicanaJiculata • 2 1 0.2 
lJ:5 Hippolyt·•3 c.aliforniensis 1 1 0.1 
46 Idot·ea ·uro·toma * 1 1 o.1 
47 }!acoma nasuta 1 1 o.1 
48 Paraphoxus spinosus * 1 1 0.1 
49 Protothaca staminea * 1 1 0.1 
50 Polydora l.:igni * 1 1 o.1 
Total: 3325 individuals 
Mean: 332.5 per sample 
• Fourteen species not present in experimental clearings. 
e 
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Table A-·12. Species rank-by-abundance in experimental 
clearings, June 1976 (N=6). 
Rank 
_.,~· 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
l.l.!-
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Total # in 
Species N samples 
Mediomastus californiensis 254 
Exogone lourei 166 
Notomastus tenuis 112 
Aoroides col.umbiae 52 
Axiothella rubrocincta 41 
Eupolymnia crescentis 18 
Themiste zostericola 17 
Photis brevipes 17 
Cirriformia spirabrancha 14 
Leptochelia dubia 13 
Pontogeneia sp. 10 
Capitella capitata 8 
Edwardsia sp. 8 
Ha'pl.Of.:coloplos elongatus 7 
Nebalia pugettensis 7 
Caprella californica 6 · 
Metopa cistella 6 
Listriolobus pelodes ** 6 
unidont. Oligochaete 5 
** Gammaropsis thompsoni 4 
Pinnixa longipes 3 
Macoma secta 3 
Nephtys caecoides 3 
Pher.usa pap i1la ta * 3 
. Paraphoxus cognatus * 3 
Hippolytc californiensis * 2 
Nacoma uasuta 2 
Amphiodia occidentalis • 2 
Hemipodus borealis 2 
Dorvi1lea rudolphi • 2 
Frequency in 
N samples 
6 
6 
6 
5 
6 
5 
6 
5 
4 
3 
5 
5 
5 
3 
3 
1 
2 
1 
3 
3 
2 
2 
2. 
2 
2 
2 
2 
1 
Nean 
#/smp1. 
42 .. 3 
27.7 
18.? 
8.7 
6.8 
.:;.o 
2.8 
2.8 
1.2 
1.0 
1.0 
1.0 
0.8 
0.3 
0.3 
0.3 
0.3 
0.3 
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Tnblo A-12 (cont 1 d) .. 
Rank 
31 
32 
33 
34 
35 
36 
) 
Total # in Frequency in 
Species N samples N aamples 
Armandia brevis IE< l 1 
Brania sp., ** 1 1 
Fabricia berkeleyi • 1 1 
Harmothoe lunulata .. 1 1 
!dote a sp .. • 1 1 
Munna ubiquita * 1 1 
Total: 802 individuals 
Mean: 133o? per sample 
Ten ,species found only in experimental clearing A. 
Three species f'ound only in experimental clearing B. 
He an 
#/smp1e 
0.2 
0 .. 2 
0 .. 2 
0.2 
0.2 
0.2 
APPENDIX B 
Analyses of: Benthic Infaunal Data: 
Neans, variances, 1-lq-ay ANOVAs 
and t-test comparisons 
Tab1e B-1.: Number of individuals per samp1e, statistics. 
June 75 Sept 75 Dec. 75 Harch 76 June 76 Sept.75- June 75-
June 76 June .z2 
\{i thin Zostera X : 267.0 385.5 31551 328.9 332.5 340.50 325.80 
2 
. 7,381.33 5,656.05 10,572.54 12~it62.77 18,014 .. 50 11' 513 .8.it5 1l,itOl.800 s . 
n : 10 10 10 10 10 ito 50 
C1earing A X : 
-
367.5 312.0 182.7 lit2.3 2it0.55 
2 5,304.50 13.00 57.33 1.,23it.33 9,itit5.273 s : 
-
n: 0 2 3 3 3 .:a 
Clearing B x: 
-
367.0 2it3.3 142.3 1.25.0 207.18 
2 1,922.00 3,057.33 1.1..93 301.00 9,517.56it s : 
-
n : 0 2 . 3 3 3 11 
Cl.earings X : 
-
367.3 277·7 16it.7 133.7 223.86 
2 2,ito8.92 2,642.67 it68.67 70it.27 9,321.457 s : 
-
n: 0 it 6 6 6 22 
..... 
t\:1 
0 
8 
Table B ... 2: Number of individual~ per s~mple, 1-Way ANOVAs over time. 
. 
Area and months Source of df ss MS F p 
variation :3 
Within Zostera Among months 4 71,905.20 17,976.30 1.662 n.,s. 
June 75-June 76 Within months 45 486,784.80 10,817 .. 44 
-a= 5 months Total ~9 558,690.00 
Within Zostera ·Among months 3 28,687.20 9,562.40 0.819 n.s. 
Sept. 75-June 76 Within months 36 420,352.80 1.1.,676.47 
a= 4 months Total 39 449,040 .. 00 
Clearing A Among months 3 86,538.89 28,346.30 25.515 .001 
Sept. 75-June 76 \fi thin months 7 7,913.83 1,1.30.55 
a= 4 months Total 10 94,4'52.72 
Clearing B Among months 3 86,252 .. 30 28,750.77 22.554 .oo1 
Sept. 75-June 76 Within months 7 8,923.33 1,274.76 
a= 4 months Total 
-
10 95,175.63 
Clearings Among months 3 . 169,445.84 56 ,1.;,81.95 38.650 .oo:t 1-' 
Sept. 75-June 76 Within months 18 26,304.75 1,461.38 ~ 1-' 
a= 4 months Total 21 195,750 .. 59 
.. ·:: 
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Table B-3~ Number of individuals per sample, t-tests. 
Table B-4: Number of species per sample, n~l,' statistics. 
Ju..'l'le 75 Sept. 75 Dec. 75 Narch 76 June 76 Sept. 75- June 75-
June 76 June 76 
\Yi thin Zostera x: 25.0 26.9 25 .. 2 24.7 25.6 25.60 25 .. 50 
2 
,;.,;:; ,;.88 10 .. 62 20.23 ,;.Go 9.528 8.337 s : 
n : 10 10 10 10 10 40 50 
Clearing A x: 
-
25.0 22.3 22.0 2l.3 22.45 
s2: 
-
2.00 1.33 9.00 10.33 6.07.3 
n : 0 2 3 3 3 11 
Clearing B x : 
-
26.0 22.0 20.3 16.3 20.64 
2 2.00 12.00 2.33 6.33 16.455 s : 
-
n : 0 2 3 3 3 11 
Clearings x: 
-
25.5 22.2 21.2 18.8 21.59 
2 
s : 
-
1.67 5.37 5-37 14.17 11.396 
n : 0 4 6 6 6 22 
-
!-' 
~ 
\I; 
Table B-5: Number of species per samp~e, n~1, 1-l.,Tay ANOVAs over time. 
Area and months Source of df ss MS F 
variation s 
lvi thin Zostera Among nionths 4 29.48 7.37 0.885 
June 75-June 76 Within !'llonths 45 375.00 8.33 
a= 5 months Total 49 4o4 .. 48 
-
Within Zostera Among months 3 26.60 8.87 0.926 
Sept. 75-Ju.'"le 76 \Vi thin months 36 345.00 9.58 
-
-
a= 4 months Total 39 371 .. 60 
Clearings 
• 
Among months 3 109.82 36.61 5.092 
Sept. 75-June 76 Within months 18 l29.50 7.19 
a= 4 months Total 21 239.32 
\ 
p 
n.s. 
n.s. 
.o1 
.... 
N 
.;:-
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Table B-6: Nwnber of' species per sample t n~l, t-tests., 
--
Comparison df' t p 
B 
Sept., 75 Clearing A vs. Clearing B 2 0.,707 n .. s. 
Wi:thin Zostera VSe Clearings 12 1.298 n .. s. 
Dec:., 75 Clearing A vs. Clearing B 4 0.,158 n.s. 
Within Zostera vs .. Clearings 14 1 .. 986 n .. s. 
· }.farch 76 CJ.earing A vs. Clearing B 4 0.859 n.s., 
Within Zostera vs. Clearings 14 1.771. noSe 
June 76 Clearing A VS • Clearing B 4 2.121 n.s. 
Within Zostera vs. C:;Learings J.ll- 4.826 .001 
·--------·-
Grand mean: Clearing A vs. Clearing B 20 1.271 n.s. 
Within Zostera vs. Clearings 60 4.723 .001 
Table B-7: Number o~ species per sample, n~2, I statistics~ 
' Sept 75- June 75-June 75 Sept. 75 Dee·. 75 March 76 June 76 June z6 June 76 
\Vi thin Zostera X : 18.4 20 .. 0 i{.l 16.9 17' .. o 17.75 1?.88 
2 
7.16 8.67 8.99 8.77 6 .. 44 8.802 s . 9.321 . 
n : 10 10 10 10 10 40 50 
Clearing A x: 
-
16.0 17.0 14.0 12.7 14.82 
2 
s : 
-
o.oo 4:.00 1.00 0.33 4.364: 
n : 0 2 3 3 3 11 
Clearing B X : 
-
21.5 J.l.l:.O 13.3 10.0 14.09 
2 
s : 
-
0.50 1.00 0.33 4.oo 17.291 
n : 0 2 3 3 3 11 
-
Clearings x: 
-
18.8 15.5 13.7 11.,3 14.45 
2 10.25 4.70 o.67 3.87 10.450 s . 
-
. 
n : 0 4 6 6 6 22 
!-' 
~ 
0\ 
Table B-8: Number ot: species per sample, n~2, 1-i'lay ANOVAs over time. 
" 
Area and months Source of' d:C ss MS F p 
variation s 
lii thin Zostera Among months 4 71 .. 08 17 .. 77 2.,221 n.s .. 
June 75-June 76 Within months 45 360.20 a.oo 
-'-
a=: 5 months Total 49 431 .. 28 
Within Zostera Among months 3 67 .. 70 22.57 2.746 n.s. 
Sept. 75-June 76 Within months 36 295$80 8.22 
a= 4 months Total 39 363.50 
Clearing A Among months 3 .32.97 10.99 7. 2.30 .025 
Sept. 75-June 76 l'li thin months 7 10.67 1.52 
a= 4 months -Total 10 4.3 .. 64 
Clearing B Among months 3 161.74 53 .. 91 33.694 .001 
Sept. 75-June 76 Within months 7 11.,17 1;,60 
a= 4 months -Total 10 172.91 
Clearings Among months 3 142 .. 54 47.51 11.126 .001 
76~92 1-' Sept. 75-June 76 Within months 18 4.27 N 
---.! 
a= 4 months -Total 21. 219.46 
-------
- -- ---- - - --- -- -~ ~--
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TabJ.e B-9: Number of species per sample (n~2) 1 t-tests. 
------~ ·r-""- ------~·-,.._-~ 
Comparison df t 
s 
p 
--
Sept. 75 Clearing A vs. Clearing B 2 11.000 .o1 
Within Zostera vs .. Clearing A 10 4.295 .001 
Within Zostera vs. Clearing B 10 o.691 n.s. 
Within Zostera vs. Clearings 
---·~ . 
12 0.702 n.s. 
Dec. 75 Clearing A vs. CJ.earing B 4 2.324 n.s. 
\vi thin ~~t.£.~ vs. Clearings J.4 J .• l35 n.s. 
Harch 76 Clearing A VSe Clearing B LJ. J .• OOl n,s. 
I 
l'li thin ,?_~..!.~~ vs. Clearings 14 3.284 .05 
June 76 Clearing A vs. Clearing B 4 2.219 n.s. 
\vi thin Zostera vs. Clearings ll.J: 4.669 .001 
--'-- -"---~------~·· 
Grand mean: Clearing A vs. Clearing B 20 0.518 nes. 
\Vi thin Zostera VS o Clearing A 49 3 .. 057 .o1 
llithin ~<!ster~ vs. Clearing B 49 3 .281! .o1 
\vi thin Zostera vs. Clearings Go 3.989 .001 
_ ....... _ .. ______ 
----~&0-
\ 
Taple B-10: Number o"£ species per sanip1e, n~5, statistics. 
June 75 Sept. 75 Dec. 75 March 76 June 76 Sept 75- June 75-Ju.."le 76 Ju .. "le 76 
'Iii thin Zostera X : . 9. 7 11.7 9.0 9.1 9-9 9.9.3 9.88 
2 17.57 5.12 6 .l!4 s : 8.99 7.LJ::; 7.661 9.3.32 
n : 10 10 10 10 10 40 50 
Clearing A X: 
-
9.5 10.7 7-7 4.7 B.oo 
2 0.50 2.3.3 2 • .33 1.33 7.200 s : -
n ; 0 2 :; :; 3 11 
Cl-earing B X: 
-
10.0 8.0 6.:; 5.0 7.09 
2 
s : 
-
2.00 1.00 1.33 1.00 4.291 
n : 0 2 3 3 3 11 
Clearings X : 
-
9.8 9··3 7.0 '* .8 7-55 
2 0.92 3 .,l!? 2.00 0.97 5.688 s .: 
-
n : 0 4 6 6 6 22 
!-' 
1.\J 
'-0 
Tab~e B~11: N~~ber o~ species per sample, n~5~ 1-Way ANOVAs over time. 
Area and months Source o~ · d:f' ss MS F 
variation s 
Iii thin Zostera Among months 4 47 .. 28 11.82 1.297 
June 75-June 76 Within months 45 410.00 9.1.1 
a= 5 months Tota:t 49 457.28 
Within Zostera Among months '".( 46.88 15 .. 6.3 2 .. 23.3 ., 
Sept. 75-June 76 \vi thin months .36 251.90 7.00 
a= 4 months Total. 39 298 .. 78 
Clearings Among months :; 84.54 28.18 14.526 
Sept. 75-June 76 Within months 18 34.92 1.94 
a= 4 months Total 21 119c46 
"' 
p 
n.s .. 
n.s • 
.001 
~ 
\.N 
0 
131 
Table B-12: Number of species per sample 9 n~5t t tests. 
·--------
" 
Comparison d:f t p 
s 
Sept. 75 Clearing A vs. Clearing B 2 o.'-!4:7 n.s .. 
\vi thin Zostera vs. Clearings 12 lo634 n.s .. 
Dec., 75 . Clearing A VSo Clearing B 4 2.530 n.,s., . 
Within Zostera vs. Cl.earings 14 0.278 n.s., 
:Harch 76 Clearing A vs., Clearing B It 1 .. 207 n.,s., 
\vi thin Zostera vs., Clearings 14 1.,596 n.,s. _.,._~
June 76 . Clearing A vs • Clearing B 4 0.3~18 n ... s • • 
Within Zostera vs. Clearings IIJ: 5.,.332 .001 
""r·' 
---~---·----
Grand mean: Clearing A vs .. Clearing B 20 o.B9o n .. s., 
Within Zostera vs. Clearings 60 3.396 .01 
·---....--
--·-
Table B-1.3: Shannon-~veaver Diversity Index per sample, statistics. 
June 75 Sept. 75 Dec. 75 March 76 June 76 Sept 75- June 75-June 76 June 76 
\Vi thin Zostera X : 2 •. 222 2.191 2.030 2.124 2.1.36 2.133 2.151 
2 0.0161 0.0317 0 .. 0646 0.02.38 0.0513 o.o412 0.0.370 s : 
n : 10 10 10 10 10 40 50 
Clearing A X: 
-
2.065 2.152 2.028 2.088 2.085 
2 
. 0.0013 0.0381 0.0241 0.1068 0.036.3 s . 
-
n : 0 2 3 3 .3 11 
C1earing B X : 
-
2 .. 225 1..997 2.,200 1.898 2.067 
2 
. 0 .. 0001 0.0118 0.0079 0.0.3.36 0.0.311 s . 
-
n : 0 2 3 3 3 11 
Clearings V" • A o· 
-
2.145 2.074. 2.114 1.993 2e076 
" ,;. . o.oo89 0.0272 0.0217 0.0670 0.0322 s . 
-
n : 0 4 6 6 6 22 - 1..1 \...3 
rv 
Table B~14: Shan..11.on-Weaver Diversity Index per sample, 1-Way ANOVAs.over time. 
Area and months Source of: df ss }'JS F p 
"'tariation s 
Within Zostera Among months 4 0.126 0•0315 o.84o n.s. 
.Ju.11.e 75-June 76 Within months 45 1..688 0.0375 
ao: 5 months Total. 49 1 .. 814 
Within Zostera Among months 3 o.o63 o.o21 o.488 n.s. 
Sept. 75-June 76 Within months 36 1.543 o.o43 
a= 4 months Total 39 1 .. 606 
Clearing A Among months 3 0.024 o.oo8 0.167 n.s. 
Sept. 75-June 76 lfi thin months 7 Oe339 o.o48 
a= 4 months Total 10 o .. :;63 
Clearing B Among months 3 0.204 o.o68 4 .. 533 .05 
Septc 75-June 76 Within months 7 0.107 0.015 
a::: 4 months Total 10 0.311 
Clearings Among months :; 0.069 o.ow;o 0.682 n.s. 
1-' 
Sept. 75-June 76 Within months 13 0.607 0 .. 0337 ... ~ l..ll 
a= 4 months -Total 21. o.,676 
-
Table B-15: Shannon-\veaver Diversity Index per sample, t-tests .. 
~ 
-
Comparison dt' t p 
s 
Sept. 'i'5 Clearing A vs. Clearing B 2 6 .. 130 .05 
\'li thin Zostera vs. Clearing 
- -
A 10 0.305 n .. s. 
\vi thin Zostera vs .. Clearing B 10 0.186 n.,s., 
·--
\vi thin Zostera vs. Clearings 12 o.482 n.s .. 
-"'~ ....... 
Dec., 75 Clearing A vs. Clearing B 4 1.202 n.s., 
Within Zostera vs. Clearings 14 0.051 n.s .. 
---------
March 76 Clearing A vs. Clearing B LJ: 1 .. 665 n.,s., 
\vi thin ~2;:'?_te~ vs., Clearings 14 0.,128 n .. s., 
June 76 Clearing A vs. Clearing B ll 0 .. 878 n.,s., 
\Vi thin Zostera vs. Clearings 14 1.1.61 n.,s .. 
--
-
~~~-~ 
Grand mean: Clearing A VSo Clearing B 20 0 .. 230 n.s .. 
lvi.thin Zostera vs. Clearing 
---
A 49 0.703 n .. s .. 
lvi thin Zostera vs .. Clearing 
-·--
B 49 0.980 noSe 
\vi thin Zostera vs. Clearings 60 1.101 n .. s .. 
--
""--
\ 
~able B-16: Number of: ~~o_gon_e_ )._ourei per sample~. statistics • 
Ju.~e 75 Sept. 75 Dee. 75 Hareh 76 June 76 Sept. 75- June 75-
Ju."l.e 76 June 76 
1Vi thin Zostera X': 92.0 127.9 117 .. 1 111.0 101.7 114.43 109.94: 
2 1512.44 1310.:i.O 3665.66 2810.22 1.894.90 2326.969 2211.976 s : 
n : 10 10 10 10 10 40 50 
Clearing A X: 
-
106.0 122 .. 0 76.6 34.,7 82.91 
2 
s : 
-
200.00 721..00 540.33 49 .. 33 1557e09I 
n : 0 2 3 3 3 11 
Clearing B :X : 
-
97 .. 0 108.;; 47.7 20.7 65.82 
2. s • 
-
200.00 282.33 52.33 90 .. 33 1552.164 
n : 0 2 3 3 3 11 
Clearings X: 
-
101.5 115.2 62.2 27.7 74 .. 36 
2. s . 
-
160.33 457-37 489.37 114.67 1557.100 
""" n : 0 4 6 6 6 22 
-
~
\.It 
~ 
Table B-17: Number of: Exogone lourei per sample, 1-Way ANOVAs over time. 
Area and months Source ot: df' ss NS F 
variation s 
Within Zostera Among months 4 7,646o92 1,911 .. 73 o .. 854 
J';_me 75-June 76 \{i thin months 45 100,739.90 2,238 .. 66 
a= 5 months Total 49 108,386.82 
-
-; 
Within Zostera Among months 
.3 3,62:; .. 88 1,207.96 0 ... 499 
Sept.. 75-Ju..."'l.e 76 \-li thin months 36 . 87,127 .. 90 2,420.22 
a= 4 months -Total 39 90,751.78 
Clearings Among months 3 26,911.09 8,970.36 27.896 
Sept. 75-June 76 Within months 18 5,788.00 321.56 
-a= 4 months Total. 21 32,699.09 
p 
n.s .. 
n.s .. 
.00.1 
!-' 
~ 
c-. 
J.37 
Table B-18: Number of .!L~£2.!1~  per sample, t-tests. 
. ---= --·-.--
" 
Comparison df t p 
B 
·-
Sept. 75 . Clearing A vs .. Clearing B 2 o.8G2 n.,s • . 
\vi thin Zostera VSo Clearings 12 1 .. 395 n.s .. 
Dec .. 75 : Clearing A VSo Clearing B l.l 0.747 n.,s., 
lfl. thin Zostera vs. Clearings 14: 0.090 n.,s., 
March 76 : Clearing A vs. Clearing B 4 2.063 n.s., 
lvi thin Zostera vs. Clearings 14 2.124 neSo; 
-...:..-... ~
,Tune 76 . Clearin2~ A vs. Clearing B 4 2.051 n.s .. • 
l\'i thin Zostera vs • Clearings 14 5~126 .001 .,..,.. ....... __
-----
Grand mean: Clearing A vs .. Clearing B 20 1,,016 n .. s, 
Within Zostera vs .. Clearings 60 3e328 .01 
Table B-19: Number of: !-fe_diQma.stus calif:orniensis ,per sample, statistics. 
June 75 Sept. 75 ,Dec. 75 Harch 76 Ju...'"le 76 Sept. 75- June 75-
June 76 Ju..'"l.e 76 
ifi thin Zostera x: 10.3 92.5 62.6 7·9 7.9 42.73 36.24 
2 26.01 953.61 1703 .. 82 223.43 20 .. 99 2028.153 1790.676 ' s : 
'· 
n : 10 10 10 10 10 40 50 
Cl.earing A x: 
-
1.09.0 32.7 5·7 48.0 4:;.36 
2 
s : 
-
338.oo 256.:;:; 12.33 1651.00 1746.455 
n : 0 2 7,: 3 3 11 -_, 
Cl.earing B x: 
-
96.0 :;:;.o 1.7 :;6.7 :;6.91 
2 128.00 151.00 ~.:;:; 644.33 1248.291 EJ : 
-
n : 0 2 3 3 3 :n 
Clee.rings x: 
-
102 .. 5 ,32.8 3.7 42e3 40.14 
.2 211.67 162.97 11.47 956.67 1436.981 s : 
-
n : 0 4 6 6 6 22 
J-1 
\.>1 
~ 
" 
Table B•20: Number of Mediomastus californiensis per sample~ 1-\vay ANOVAs over time. 
Area and months Source of d:f ss MS F p 
variation s 
\vi thin Zostera Among months 4 61,392.32 15,348 .. 08 26 .. 210 .001 
June 75-June 76 Within months 45 26,350.80 585.57 
a= 5 months Total. 49 87,743.1.2 
vli thin Zostera Among months 3 52,981.28 1.7,660.43 24.342 .001. 
Septo 75-June 76 rli thin months :;6 26,11.6.70 725.46 
a= 4 months Total 39 79,097.98 
--- -----
-
Cl.earings Among months .3 23,886.09 7,962.0.3 22.783 .001 
Sept. 75-June 76 Within months 18 6,290.50 349.47 
a= 4 months Total 21 30,176.59 
r-' 
\.~ 
\.Q 
Table B·u2l: Number of Mediomastus cal:....if<?_rniensis 
per sample, t-testse 
___ ........... 
Comparison df 
Sept .. 75 : Clearing A vs., Clearing B 2 
lvi thin Zostera vs. Clea.rings 12 
Dec .. 75 • Clearing A vs .. Clearing B ll . 
Within Zostera vs. Clearings llJ: 
March 76 : Clearing A VBe Clearing B l.f: 
\Vi tb.in .?!~Jstera V"So Clearings 14 
June 76 . Clearing A vs .. Cleari.ng B IJ.: . 
l?i thin Zostera vs .. Clearings 14 
~-...-.-
. . 
----~------.._ .......... ______ 
Grand mean: Clearing A vs .. Clearing B 20 
Within Zostera vs. Clearings 60 
---- ---· ---
. ~··. 
14.0 
't·.·· 
----~,--
t p 
B 
--
0.852 n.s .. 
0 .. 610 n.s •.. 
0.028 n .. s .. 
2 .. 1.20 n.s .. 
1 .. 697 n.,s.,. 
0 .. 857 n .. s., 
0.,409 n .. s .. 
2.,708 .05 
- ........ -------~ 
0.391 n.s. 
Oo229 n. s .. 
..,.,3 _ __, 
,. 
a 
Tab1e B-22: Number o:r Aoroi.des co1umbiae per s~nipl.e, statistics. 
J' l,L'l '3 7 5 Sept. 75 Dec .. 75 Narch 76 Ju.."'"le 76 Sept. 75- June 75-
Ju..'"l.e 76 June 76 
\Vi thin Zostera x: 48.6 24.3 22.0 18.0 68.2 33.13 36.22 
2 782.27 171.57 386.67 119.33 2441 .. 75 1145.650 1094.624 s : 
n : 10 10 10 10 10 40 50 
Clearing A x: 
-
20.0 28 .. 0 35·7 14.7 25 .. 00 
s2: 
-
50.00 21.00 362.33 114.33 178.400 
n : 0 2 3 .'3 3 11 
Clearing B X : 
-
14.5 12~0 14.7 2.7 10.64 
2 40~50 36.00 74.33 9-33 55.455 s : -
n : 0 2 3 3 3 11 
Cl.earings x: 
-
17.3 20 .. 0 25.2 8 .. 7 17.82 
2 40.25 99.60 306.97 92.67 1.65.394 s : 
-
'"" 0 4 6 6 6 22 
..,. 
n : 
- 1-' 
... ___ 
Table B-23: Number o~ Aoroides columbiae pe~ sample, 1-Way ~VOVAs over time. 
Area and months Source of df' ss }"..S F p 
variation s 
Within Zostera Among months q, 18,522.48 4,630.62 5-934 .001 
June 75-June 76 iVi thin months 45 35,114.10 780.31 
-a= 5 rnonthz Total ~9 53,636.58 • 
---
Within Zostera Among months 3 16,606.68 5,535 .. 56 7-098 .001 
Sept. 75-J~~e 76 Within months 36 28,073.70 779e83 
a= 4 rnonths Total 
.39 44,680._38 
Clearing A Among months 3 738.67 246.22 1.649 n.s. 
Sept. 75-June 76 ifi thin months 7 1,045 • .33 149.33 
a= 4 months Total 10 1,784 .. 00 
--
Clearing B Among months 3. 274.71 91.57 2.290 n.s. 
Sept. 75-June 76 Within months 7 279e83 39.98 
a= 4 months Total 10 554.54 
--
Clearings Among months 3 856.36 285.45 1.963 n.s. !-' 
Sept. 75-June 76 Within months 18 2,616.92 145.38 .::-tiJ 
a= 4 months -Total 21 3~l:J:7:).28 
~~~ 
Table B~21!: Number of' ~oides ~per sample~ t-tests .. 
--------·-=----·---~~~-------------------··-·--•--•·------=-u-••----·-----
Sept. 
Dec. 
March 
June 
Grand 
Comparison df' t 
s 
p 
·-----~--------------·-----.... ··------
75 . Clearing A vs. Clearing B 2 0.818 n..,s .. • 
\vi thin Zostera vs. Clearings 12 1..012 n..s 
75 Clearing A vs .. Clearing B 4 3 .,6-;1 .05 
\Vi thin Zostera vs. Clearing A 11 Oo509 ll0So ___ .,.._ 
. M 
\vi thin Zostera vs. Clearing 
- -
B 11 0 .,81!5 n .. s. 
\vi thin Zo~i~r.~ vs. Clearings ll.t 0 .. 230 nlfrs.., 
76 . Clr)aring A vs .. Clearing B 4 1 .. 71J:l n .. s • . 
\<!i thin ~ vs. Clearings l.ll: Oo994 n.,s. 
76 Clearing A vs. Clearing B !J: 1 .. 869 n.,s.,. 
Within Zostera VSo Clearings 14 3.695 .. 01 
---~- ~-----
mean: Clearing A vs .. Clearing B 20 3 (>1]_1.1: .o1 
\vi thin ~tera vs. Clearing A 49 1.. 21':1: n .. s .. 
\Vi thin Zostera vs .. Clearing B '*9 3.875 .,001 
'"i thin Zostera VSo Clearings 6o 2.511:6 .,01 
, ___ ...__,. 
\ 
Table B-25: Number of Photis brevipes per sample, statistics. 
June 75 Sept. 75 Dec .• 75 March 76 J'L"1.e 76 Sept. 75- June 75-
June 76 June 76 
~V'i thin Zostera x: 13.9 8.3 o .. a 54.6 31.1! 23.78 21.80 
2 614.77 50.23 1.29 1249.60 2360.04 1300.179 116:;.673 s : 
n : 10 10 10 10 10 • 40 50 
Clearing A X: 
-
17.0 13.3 4.:; 2.3 8.55 
2 
s : 
-
242.00 26.:;:; 4.:;3 4.33 69.273 
n : 0 2 3 3 :; 11 
-
Clearing B X : 
-
2.0 12.3 14.7 ::;.:; 8.64 
s2: 
-
o.oo 30.33 120.33 10.33 64.455 
n : 0 2 :; 3 3 11 
Clearings X : 
- 9·5 12.8 9.5 2.8 8.59 
2 
s : 
-
155.67 22.97 81.90 6.17 6:;.682 
""" n : 0 4 6 6 6 22 
-
o<::-
~ 
~-------- ~-·~ ~ 
Tabl.e B~,.26: Number of Photis brevi Pes per sample, 1.-lvay ANOVAs over time. 
Area and months Source of d:f' ss MS F p 
variation s 
\vi thin Zostera Among months 4 18,536 .. 60 4i634.15 5.419 .005 
June 75-June 76 Within months 45 38t483.40 855.19 
-a= 5 months Total. 49 57,020.00 
Within Zostera Among months 3 17,756.48 5,918.83 6.467 .,005 
Sept. 75-.Ju.."'l.e 76 \.Yi thin months 36 32,950.50 9~5.29 
a= 4 months -Total 39 50t706.98 
C1earings Among months 3 315.15 1.05.05 ]..,850 n.s. 
Sept., 75-June 76 vli thin months 18 1,022.17 56.79 
a= 4 months Total. 21 1t337.32 
~ 
~ 
VI 
I 
Table B-27: Number of' f.h2lli b~~~ per sample, t;...tests o 
Table B-28: Number of Axiothella rubroei~cta per sampl~, statistics. 
June 75 Sept. 75 Dec. 75 March 76 June 76 Sept. 75- Ju.."'le 75-
June 76 June 76 
Within Zostera X: 13 .. 5 J.6.5 23 .. 0 15 .. 7 20.9 19 .. 03 17-92 
s2: 78.06 62.94 209.78 160.68 206 .. 32 157.051. 144.320 
n : 10 10 lO l.O. 10 40 50 
Cl.earing A X: 
-
8.5 11 .. 7 12.7 10.0 10 .. 91 
2 4.50 5.33 6 .. 33 7 .. 00 6.691 s : 
-
n : 0 2 3 3 3 11 
CJ.earing B X: 
-
10.0 i.o 7.3 3·7 6.73 
2 32.00 21.00 32.33 6.33 20.218 s : 
-
n : 0 2 3 3 3 11 
Clearings X: 
-
0 -
_,.:;, 9.3 10.0 6.8 8.82 
2 1.2.92 17.07 24.00 17.37 17.394 s : -
n : 0 4 6 6 6 22 
- .... 
w::-
-...! 
Table B-29: Number o£ Axiothella rubroc~ncta per sampleg 1-Way ANOVAs over time. 
Area and months Source of 
variation 
- ---------~----~-----· -----------
\vi thin Zostera 
June 75-Ju..'"l.e 76 
a= 5 months 
iii thin Zostera 
Sept. 75-June 76 
a= 4 months 
Clearing A 
Sept .. 75-June 76 
a= 4 months 
Cl.earing B 
Sept. 75-June 76 
a= 4 months 
Clearings 
Sept. 75-June 76 
a= 4 months 
Among months 
Within months 
Total. 
Among months 
Within months 
Total 
Among months 
\vi thin months 
Total 
Among months 
Within months 
Total. 
Among months 
Within months 
Total 
dt 
4 
45 
-
49 
3 
.36 
-
39 
3 
7 
10 
3 
7 
10 
3 
18 
21 
ss 
611.60 
6, L.::6o .. oo 
7,071.,60 
367.48 
5,757.50 
6,124 .. 98 
25.08 
41 .. 83 
66.91 
50 .. 85 
151.33 
202.18 
34.36 
330.92 
365e28 
}!$ 
152.90 
J.4.3o56 
122.,49 
159 .. 93 
8.36 
5.98 
16.,95 
21~62 
11.45 
18.38 
F 
s 
1 .. 065 
0.766 
1..398 
0.784 
Oa623 
p 
n .. s .. 
n.s .. 
n .. s., 
n.s. 
n.s ~ 
--~--- ------·-- ~ 
I-
o+:-
co 
---·-·----·--·--~----·-·~-~-------~-
Comparison df' t. p 
<:' 
., 
---------·-----·-----------------------------------------~----- ---~--
Sept. 75 
Dec. 75 
March 76 
June '?6 
. 
. C1earing A vs. 
\vi thin Zostera 
Clearing A vs. 
Within Zostera 
-
Clearing A vs .. 
Within Zostera __,...,..__. .. ____
Clearing A vs 0 
Within Zostera 
----~~ ... -·--
\vithi:n Zostera 
-~--... 
\vi thin Zostera 
------------------
Clearing B 
vs. Clearings 
Clearing B 
vs .. C1earings 
C1earing B 
vs. Clearings 
Clearing B 
VSo C1earing 
vs .. Clearing 
vs .. Clearings 
Grand mean: Clearing A vs. Clearing B 
lvi thin Zostera vs 0 Clearing 
-\v'i thin Zostera vs. Clearine~ 
\/ithin Zostera vs .. Clearings 
--
--- --
2 Oo351 n,.s • 
12 1 .. 726 n .. s .. 
IJ; 1o576 n.s., 
14 2 ... 801 .. 05 
4 1,)1:88 noSe. 
J).l: 1 .. 272 n.-s o 
lx 3 .. 003 .. 05 
A 11 1 .. 270 ll eS 6> 
B 11 2.,008 noS<:> 
J_ll; 2.901 .. 0.5 
20 2 .. 666 .. 05 
A lJ:9 .) .. 813 11001 
B 49 5.,12.3 cOOl 
60 4.701 e001 
·-----.. --~ 
\ 
-~-
Table B~31: Number o£ Nebalia pugettensis per sample, statistics • 
.Ju11.e 75 Sept. 75 D9c. 7.5 March 76 .June 76 Sept. 75- Ju.."le 75-
.,Tune (6 .Ju.'1.e 76 
Within Zostera X : 13.0 12.8 1.4.1 34.6 12.5 18.50 17.40 
s2: 167 .. 78 213.07 202.77 701.60 6~7.61 496.:;o8 . 430.776 
n : 10 10 10 10 10 • ~0 50 
Clearing A X : 
-
10.0 5 ... 3 3-7 1.7 4 .. 7.'3 
s2: ... 72.00 14.33 10.33 1 .. 33 21.,218 
n : 0 2 '% 3 3 11 .; 
Clearing B x: 
-
35.0 1.7 3-3 0.7 7.91 
2 
s : 
-
162.00 2 .. 33 17-33 1.33 200.891 
n : o. 2 3 3 3 11 
-Clearings_ X : 
-
22.5 3-5 3-5 1..2 6.:;2 
2. s • 
-
286 .. 33 1.0.70 11.10 !..37 108.418 
n : 0 4 6 6 6 22 
!J 
... , 
0 
Table B-32: Number o:f Nebal.ia pugettensis per sample, l.-\vay ANOVAs over 
Area and months Source of df ss l'A.S F 
variation ·S 
\vi thin Zostera Among months ll; 3,71.2.60 928.15 2.401 
June 75-June 76 Within months 45 1.7,395.40 386.56 
-a= 5 months Total. 49 21.,~08.,00 
Within Zostera Among months 
.3 .3,470.60 1,1.56 .. 87 2.622 
Septe 75-June 76 \vi thin months 36 15,885.40 441.26 
a= 4 months Total. 39 1.9,356.oo 
Clearings Among months 3 1.9301.94 433.98 8.01.3 
Sept. 75-Ju.ne 76 Wi"'chin months 1.8 974 .. 83 54.1.6 
a= 4. months Total. 21. 2,276.77 
" 
.L • "~me. 
"0 
-
n.s .. 
n.s. 
.005 
1-' 
Vl 
i-' 
152 
Table B-3.3: Number of l'i.!:-:J?aJ.:t~ J2!!~et.t~~ pe:r. sample, t-tests .. 
___ ..,.. __ ..,c..., 
" 
Comparison df' t p 
s 
---~--· ·-
Sept .. 75 Clearing A vs. Clearing B 2 2.,311 n..,s .. 
\vi thin Zostera VS o Clearings 12 1.078 n ... s. 
----
Dec. 75 . Clearing A VSe Clearing B 4 le553 n.s .. . 
lvi thin Zostera vs .. Clearings J_lj, 2.257 n.,n. 
March 76 Clearing A vs. Clearing B lj, 0.112 n .. s. 
\t.Ji thin Zostera vs. Clearings l.l!- 3.665 .01 
----
Jtme 76 ~ Clearing A vs • Clearing B IJ: 1.062 n .. s~ . 
\Vithi.n Zostera vs .. CJ.earings 1[. lolJ:Q5 :n .. s., • r 
.. ,.___.._ 
------.. -·-
_ ... _ 
Grand mean: Clearing A vs .. Clearing D 
Within Zostera vs~ Clearings 
20 Ofl708 nose 
60 2 .. 925 .. 01 
------------------------------------------------------------------------·----
Talfle B-:;4: Number of Leptochelia dubia per sample, statistics. 
June 75 Sept. 75 D.ec. 75 March 76 JU.!l!f 76 Sept .. 75- Ju.:te 75-
.June 76 June 76 
Within Zostera 
Clearing A 
Cl.earing B 
Cl.earings 
X : 
2 
s 
n 
:X 
2 
s 
n 
X t 
2 
s 
n 
v • 
A • 
2 
s 
n : 
6.3 
51.57 
1.0 . 
0 
0 
0 
12.2 
147.73 
10 
9.5 
24.50 
2 
2.5 
0.50 
2 
6.0 
24.67 
4: 
1.7 
2.90 
J..O 
7-3 
9-33 
3 ,-
15.0 
1,'33.00 
3 
l.J..2 
74.57 
6 
21.9 
108.77 
10 
7-7 
16.33 
3 
24.3 
• 1.52 ·33 
3 
1.6.0 
150.80 
6 
7 .. 5 
438.06 
10 
J..3 
5-33 
3 
3.0 
19.00 
3 
2.2 
10.57 
6 
10 .. 83 
217.071. 
40 
6.18 
1.8.964 
l.l. 
12.0 
151.600 
l.l. 
9.09 
90.087 
22 
9.92 
1.85.585 
50 
.... 
"', I.~ 
Tab~e B-35: Number o£ Leptochelia dub~ per sample, 1-Way ANOVAs over time. 
Area and months Source o£ d:f: ss MS F p 
variation s 
\Y'i thin Zostera Among months 4 2,352.48 588.12 3 .. 926 .o1 
June,75-June 76 Within months I·-':l:.:J 6,741.20 149.80 
a= 5 months Total. 49 9,093 .. 68 
\vi thin Zostera Among months 3 2,188.68 729.56 4.184 .025 
Sept. 75-June 76 \vi thin mon tlis 36 6,277-10 1.74.36 
a= 4 months Total. 39 8,365.78 
Clearings Among months 3 638.15 212.72 3.054 n.s .. 
Sept. 75-June 76 Within months 18 1,253.67 69.65 
a= ~ months Total 2~ .1,891.82 
;> 
~~ 
'-'"' r;:-
155 
Table B~36: Number of L~R~che~~ ~per samplet t-tests. 
--
__ ....... _ 
·-- --
., Comparison d:f t p 
s 
Sept. 75 . Clearing A VSo Clearing B 2 1.980 n.s • . 
\vi thin Zos"!_;era vs. Clearings 12 0 .. 969 -n .. s. 
Dec., 75 • Clearing A vs-.. Clearing B 4: 1.,118 n$s .. . 
Within Zostera vs. Clearings 14 2,.663 .e05 
March 76 . Clearing A V'So Clearing B 4: 2.,222 n.s., . 
Within Zostera vsi' Clearings 14 1..,027 n .. s .. 
-------
.June 7G .. Clearing A vs. Clearing B 4 Oo.586 n.,s., • 
vlithin Zostera vs .. Clearings 14 0 .. 790 n·.s·., 
-.:.-~----·'~ 
----:....-_...~ 
------· --------
Grand mean: Clearing A vs .. Clearing B 20 1 .. 478 n .. s .. 
Within Zostera vs. Clearings 60 Oo564 n .. s .. 
--· 
-~~ 
. ~·· . 
'· 
Te'tlle B-37: Number o~ Capre11a ca1i~ornica per sample, statistics. 
June 75 Sept. 75 De~ .. 75 March 76 'June 76 Sept. 75- Ju..'"'le 75-
. June 76 June 76 
Within Zostera X: 7-5 9.6 4.0 8.7 7-7 7.50 7.50 
2 162.06 
.35.16 
.35.56 664.2.3 314.2.3 246.769 s : 226.1.7.3 
n : 10 10 10 10 10 40 50 
Clearing A X : 
- 2.5 2.7 1.0 1 • .3 1.82 
s2: 
-
12.50 2.:;:; 1.0 2 • .3.3 2.964 
n : 0 2 :; :; :; 11 
Clearing B X : 
- 17.5 1 .. 7 5-7 0.7 5-.36 -~~ 
2 40.50 0.3.3 :;6.:;:; 1..3.3 51.855 .... s : -
-
n : 0 2 3 :; 3 11 ,_ 
Clearings X : 
-
10.0 2.2 :;.:; 1.0 3e59 
2 
s : 
-
92o67 1.37 21.47 1.60 29.396 
n : 0 4 6 6 6 22 .. 
!-' 
\J1 
Ci' 
Table B .. 38: Number of Caprella cali:for.n.i~ per sampl.e, 1-Way ANOVAs over time. 
Area and months 
iii thin Zostera 
June 75-Ju..""J.e 76 
a= 5 months 
\tJi thin Zostera 
Sept .. 75-June 76 
a= 4 months 
Cl.earings 
Sept. 75-June 76 
a= 4 months 
" 
Source of 
variation 
Among months 
Within months 
~ 
Total 
Among months 
\vi thin men ths 
Total 
Among months 
Within months 
Total. 
df' ss 
4 181 .. 40 
45 10 ~ 901.10 
49 11' 082 .. 50 
3 
36 
.39 
3 
18 
21 
1.81.40 
9,442.,60 
9,624.00 
21.7 ... 15 
400.17 
617.32 
MS F 
s 
45.35 0.187 
242.25 
60 .. 47 0.231 
262.29 
72 .. 38 3-256 
22.23 
p 
n.s. 
n .. s. 
.05 
i-' 
'v'1 
---J 
Table B-39: Number of: C_apre.l.l_~ calif?rnic~ per sample, t-tests. 
T~ble B-40: Number of: Platynereis bicannlicul.ata per sample, statistics. 
June 75 Sept. 75 Dec .. 75 Narch 76. Jun,e 76 Sept. 75- June 75-· 
June 76 Ju..."l.e 76 
Within Zostera X : 0.9 16.9 13 .. 1. 3.3 0.2 8.:;8 6.88 
2 2.54 63.21 65.88 s : 8.90 0.40 80.035 73.291 
n : 10 10 10 10 10 40 50 
Clearing A X : 
-
20.0 21.•7 1.3 o.o 9-91 
2 288.00 41.33 0.33 o.oo 150.491 s : 
-
n : 0 2 3 3 3 11 
~:· 
Clearing B X : 
-
38.5 13-3 o.3 o.o 10.73 ~ 
2 1,012.50 97.33 0.33 o.oo 344.018 s : 
-
. 
-
~- . 
n : 0 2 3 3 3 11 .;;,. 
:; 
Clearings X : 
-
29.3 17-5 0.8 o.o 10.32 .. 
2 '· 
s : 
-
547.58 76.30 0.57 o.oo 235.656 ... 
n : 0 4 6 6 6 22 ..; 1-' 
\;, 
\0 
Table B-41: Number of Platznereis bicanaliculata per sample, 1-Way ANOVAs over time. 
ft.rea and months Source of . df' ss 1-1.5 F p 
variation s 
Within Zostera Among months 4 2,322.88 580 .. 72 20 .. 600 ... ool. 
June 75-Ju.."le 76 Within months 45 1.,268.40 28.19 
a= 5 months Total. 49 3,591.28 
Within Zostera Among months 3 lw875o88 625 .. 29 18 .. 072 .001 
Sept. 75-June 76 \vi thin months 36 .1,245.50 34.60 
a:: 4 months Total. 39 3,121. .. .38 
Clearings Among months 3 2,921.69 97.3-90 8.648 .001 
Sept. 75-June 76 Within months 1.8 2,027.08 112.62 
-
-
a= lJ: months Total 21 4,948e77 
" f..: 
0\ 
0 
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Table B-LJ:2: Number ot: !?,~at~r~.!.~ bica_~~~~~ per sample, 
t-tests. 
----
Comparison d:f t p 
.. s 
Sept .. 75 . Clearing A VSo Clearing B 2 0.,725 n.s .. . 
lvi thin Zostera vs .. Clearings 12 1 .. 0_32 ntoS., 
Dec .. 75 . Clearing A vs .. Clearing B 1.1 1.227 n~s • . 
Within Zostera vs. Clearings 14: 1.021 n .. s. 
March 76 : Clearing A VS., Clearing B 4: 2 .. 132 n.s .. 
Within Zostera vs .. Clearings 14 2 .. 489 11>05 
---
June 76 .. Clearing A vs .. Clearing B LJ: 0.,000 11 eS (l) . 
Within ~*oste...r.E vs • Clearings 14 0.764 n .. s. 
... - .. ---·-
~--,_.,,___ 
Grand mean.:, Clearing A vs. Clearing B 20 0.,122 n~s. 
Within Zostera vs. Clearings 60 0 .. 544 n.s., 
_,., .. _._ 
\ 
Table B-43: Number o£ EuEolxmnia crescenti~ per sample~ sta~isties. 
June 75 Sept. 75 Dec .. 75 March 76 June 76 Sept. 75- June 75-
Ju..'1.e 76 June 76 
Within Zostera X: 4.1 7.9 14.,8 :;.6 3 .. 2 7-38 6.72 
2 4.77 s : 18.1 23.51 4.71. 11.28 35.625 30.981 
n: 10 10 10 10 10 tw 50 
• 
Clearing A X: 
-
38.5 34.:; 8.o 4 • .:; 19.73 
2 
s : 
- 264.50 21.33 3.oo 2.33 278.618 
n : 0 2 3 :; 3 1~ 
Clearing B X: 
- 4.0 15.7 .:;.:; 1.7 6.36 
2 
. B.oo s . - 30.33 2-33 2-33 44.255 
n : 0 2 3 3 3 11 
Clearings X : 
-
2l.3 25.0 5.7 3.0 13.05 
2 487 .. 58 8.67 s : - 125.00 4.oo 200.?22 
n : 0 .4 6 6 6 22 
f-1 
0\ 
t,J 
'" 
Table B-44: Number of EuEolyrnnia crescentis per sample, 1-Way ANOVAs over time. 
Area and months Source of d:f ss MS F p 
variation s 
ioiithin Zostera Among months 4 956 .. 68 239 .. .1·1 19.1.64 .. 001 
June 75-June 76 Within months 45 56.1.40 i2 .l.l:8 
a= 5 months Total 49 1.,518 .. 08 
Within Zostera Among months 3 870.88 290.29 20.1.59 .OOl. 
Sept. 75-June 76 Within months 36 518.50 14 .. 40 
a= 4: months Total. 39 1,389 .. 38 
Clearing A Among months 3 2,468.35 822 .. 78 .18.125 .005 
Sept. 75-June 76 lvi thin months 7 31.7.83 45.40 
a= 4 months Total. 10 2,786 .. .18 
-
Clearing B Among months 3 364.55 121..52 10.908 .005 
Sept .. 75-June 76 Within months 7 ?8 ... 00 1.1 .. 14 
a= 4 months 
·Total 10 442 .. 55 
Clearings Among months 3 2~058 ... 87 686.29 5.740 .. o1 
Sept .. 75-June 76 Within months 18 2,252.08 .119 .. 56 !-: ~ 
a= 4 months - "" Total. 21 , ..., .. 0 g-q ~ .c::;.Ji., • ' :J 
Table B-45: Number of El.!JJ0,11mni~ £~seen tis per sample, t-tests., 
- ,...._ ______ -.u __ 
Comparison df' t p 
s 
---
Sept. 75 Clearing A vs .. Clearing B 2 2.938 n.s .. 
1.200 n.s .. \Vi thin Zostera vs. Clearings 12 
- .. = -
Deco 75 Clearing A vs., Clearing B IJ: 4.497 o02 
\vi thin Zostera vs .. Clearing 
~---
A 11 6 .. 163 .,001 
0 0 266 n.,.s., \vi thin Zostera vs. Clearing B 11 
---
2 .. 11~1 n.,s., \vi thin Zostera VS • Clearings 14 .. __ _,_ 
Narch 76 CJ.ea:cin,~~ A vs. Clearing B 4 :;.504 .,05 
\vi. thin. ~.~ vs .. Clearing A 11 3 .. 187 .oJ_ 
O.,J.98 lleSe \ITithin Zostt:Jra vs .. CJ.earing B J.l 
....... _.._ 
1.619 n"s<~> 'Vi thin Zo8tera vs .. Clearings 14 
--
June 76 Clearing A vs. Clearing B 4 2 .. 134 n .. s .. 
\vi thin ~2~. te.J::~ vs 0 Clearings LJ: 0.131 noS<~> 
~·---------------.... ~--~_____,___-
Grand mean: Clearing A vs. Clearing B 20 2 .LJ:68 .05 
Within Zostera vs. Clearing 
-----~ 
A 11:9 2.412 oe· • :> 
\vi thin. Zostera vs. Clearing B 49 Oe490 n .. s. 
----
.. \vi thin Zostera vs .. Clearings 60 1.792 n.s .. 
--
--·--- ··--·-----· 
.... c.:_ .. ., 
·---
Table B-46: Number o£ Notomastus tenuis per eample 9 statistics. 
June 75 Sept. 75 Dec. 75 March 76 June 76 Sept. 75- June 75-
June 76 Ju.."':le 76 
Within Zostera X : 5.7 4.4 4.6 5.1 6.2 5 .. 08 5.20 
2 
s : .81.12 22.93 12.04 11.21 41.29 20.687 31.429 
n : 10 10 10 10 10 40 50 
C1earing A X: 
- 1.0 5.0 4.7 1.7 3-27 
2 
. s . 
- 2.00 7.;oo 1 • .33 o.33 5.218 
n : 0 2 ;; 3 3 11 
C1earing B X : 
- 1o.o 1.3 5·0 35·7 13 .. 27 
2 8.00 
-42 .. 33 228.218 s : - 2.33 1:;.oo 
n : 0 2 3 3 3 11 
C1earings X: 
- 5-5 :;.2 4.8 18.7 8.27 
2 
:;o .. :;:; 7-77 5·77 :;6:;.87 ·137.351 s : -
n : 0 4 6 6 6 22 . -
!-' 
0"\ 
v: 
" 
Table B~47: Number o£ Notomastus tenuis per sample, 1-Way ANOVAs over time. 
Area and months Source of df' ss MS F p 
variation s 
iii thin Zostera Among months 4 2.2 .. 60 5.65 0.168 n.s. 
June 75-June 76 lvi thin months 45 151.7 .. 40 3.3.72 
-a= 5 months Total. l-£:9 1.540.,00 
Within Zostera Among months 
.3 19.48 6.49 Os297 n.s .. 
Sept .. 75-June 76 Within months :;6 787 .. 30 21 .. 87 
a= 4 months Total 39 8o6.78 
Clearing A Among months 3 32 .. 85 10 .. 95 :; .. 967 n.s. 
Sept. 75-June 76 Within months 7 19 .. 33 2 .. 76 
a= 4 months -Total 10 52.18 
Clearing B Among months 3 2158 .. 85 719 ... 62 4o.841 .,.001 
Sept. 75-June 76 Within months 7 1.23.33 :t7 .. 62 
a= 4 months -Total 10 2282.18 
Clearings Among months 3 906o36 302el2 2.749 ... n .. s .. 
Sept. 75-June 76 18 1978.,00 109 .. 89 
f-.: 
Within months 0'\ 0\ 
a= 4 months -Total. 21 2884,.:;6 
I 
Tal1le B-'±8: Number of Notoma_st'll:,~ ~~ per sample, t-tests., 
. .,_ 
---..--. 
--· 
---~~""~~-.:.t-oi'W-~ 
Comparison df' t p 
s 
--
R -
-----
_ _, 
Sept .. 75 . Clearing A vs • Clearing B 2 4..,02;:; nlf.lso . 
\vi thin Zostera vs., Clearings 12 0 .. 374 n .. s .. 
Dec. 75 .. Clearing A vs .. Clearing B 4 2 .. 081 n..,.s .. . 
1vithin Zostera vs .. Clearings 14 o.,855 n,s., 
-
:Harch 76. Clear:i.n.g A vs .. Clearing B l§; 0 ... 151 l"l.~~tS er 
'vith.i.n .~.£r!l vs., Clearings 14 0-.191 n ... s., 
.Tune ~;6 · .cJ.ear;ing A vs. Clearing B LJ.: 9 .. 016 ~oo.:t 
\Vi thin ~ster.1!;. VSc Clearing A 11 2.,200 n.,;s., 
\vi thin Zostera vs. Clearing B 11 6 .. 951 .,001 
lvi thin z.oste~ vs. Clearings 14 1 .. 549 n .. s. 
--.. -~10:\ 
Grand mean: Clearing A vs. Clearing B 20 2 .. 170 n,s., 
\vi thin Zostera vs. Clearing A 11:9 1 .. 817 noSo 
·~vi thin Zostera vs. Clearing B LJ.:9 1.776 n.s o 
\vi thin Zostera vs .. Clearings 60 1.,226 n .. s., 
... f- .. .... _,. 
~~ 
APPENDIX C 
~~.!2. growth data~ 
Irradiation Reduction Experiment data 
Table C-1: !-'lean 'turion lengths 1 variances and 
number o:f turions meas"Ltred (N) :for eelgrass collected 
each month at Law·son 1 s Flat, June 1975-0ctober 1976., 
Data is shm>T graphically in li'igure 17. 
__ .._....._ 
-
r, 'lrl-
--
·--..-
Nonth x (em) 2 N s 
~~ ... ...._.._ ... ~·- :ol. _, ............... _,._...___ 
June 1975 Llle7 325 .. 8 2'16 
July 78o9 20176)2 216 
August Bo.o 2237.4 195 
September 83o2 1788.8 179 
October 72.8 l33L.l lOll 
Novmnher 54.8 714 .. 4 1lJ:8 
Decmnber :;z.~: .. 9 253 .. 0 232 
January 1..9'76 · 31 .. 4 17l.!o3 276 
February 30 .. 4 202.1 371 
Z.farch 113.2 259e3 103 
April IJ:7 • 2 346.3 59 
l>iay 44.8 281,.8 58 
June 68el 383.1 70 
July 89.9 1394.2. 75 
August ].0"(,.8 68o.o 56 
September 97 o 1J.: 381.5 51 
October 60e3 66363 6:; 
~ .. -.....: .. - ... ~---.... --··· ..,_........,... . ·--.. ~~~ 
170 
Table C-2: Irradiation Reduction Experiment: 
Dmm-w·clling illwninance measurements talcen August 10, 
Location Photometer reading 
---·-·-~~----·•-w-•---------------------~------ • -----
under Canopy X 4 .. 89 
outside Canopy X 
-...~v* ___ •-• -• -------·------..--.-\WI 
'! 
I 
I 
.. 
Table C-3: Irradiance Reduction Experiment: l'Iean turj~on le~gths (em) and 
variances £or Zostera samples collected during the summer months o£ 1976 at Lawson's 
Flats. N= 20 turions measured per sampleG 
J:-•.:.~:·)_·L i;_, ::: 
-.J': Lc::; 
J.2 • j tLlC 
ql"" -
.:- J • -.J i..UlC 
LL July 
~7. J :.t1y 
lOo ;",u::~ust 
~: : 
,, 
s 
-~ 
!:) 
,.;<.. 
s 
s 
., 
:2 
r) 
r) 
... 
,, 
s : 
I 
I 
1 
79.0 
127.~ 
92.5 
GG:::;.3 
95-:> 
1030.1 
100.1 
G29.G 
10'J:. 9 
5')0.9 
c 0 E 
2 
7CJ • .'.r 
.-rn n ;y: _ )(J. (; 
79-~ 
C2~.3 
"- r 
·.):;. u 
Gl1:9 oG 
GG.5 
l1Jl.5 
113.1 
G37.G 
T ·~~ 0 
3 
n.-, q 
d I • <:-
1/:J.::> 
~')._) 
5.00. !1 
l0-'1. f!; 
lO'H. 9 
L S 
grand 
mean(N=GO 
7~·3 
...... 0 '· 1 
.. :., ·;:.-'-
90.6 
70(~ .1 
911.5 
950.0 
- r ll.) .,) I 
293. 11 
100o1 
73G.G 
113.3 
7:JG.0 
I 
t 
1J.0.5 
G '~ 9. !1 
?-J .n 
:; :; 11.5 
73-5 
G::; 1: .1 
75-3 
13G2.2 
fo.3 
113.9 
G9.3 
Go::;.9 
c l·\. E 
y 
7·J .2 
70G.~ 
?IJ.? 
312.3 
7'1.5 
807.6 
79.!.!: 
1111 .o 
G't:.9 
37l.G 
0 l' I ~· 
.~.I 
(l:: .9 
--" r :J(Le) 
-" -/Ue.:J 
:::;::;:~. 9 
77-5 
1o:JG.3 
C5.D 
1(35 .G 
93 .o 
11lf:.5 
s l 
grand I 
mean(N=60) 
r:J.o 
'! ~ ,-. :--
7G.C 
!.:.:::;0 .::;· 
7'3-7 
1050. !1: 
~2.0 
~~~!l.} 
G9~1 
Gr, 11. 11: 
.
,_, 
--.:1 ,_, 
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Table C-4: Zostera dry-weight data collected 
1 "$_,... i1 kaoow...-.cl 
during the st.unme.r. months of' 1976 at Lawson 1 s Flats. Each 
of' the 30 samples here consisted of' 20 turions collected 
f'rom control and experimental canopy areas during the 
irradiation reduction experimento 
These data are correlated ·with the mean turion 
length data given in Table C-3 and are depicted in the 
scatter diagram in F'igure 19. 
~~~-_,..-____ ..,......_,___,_u_,_, -• ______ ,...,_,____..-.....-_,._,_.--.-...,. ___ ,.._, -•CWII 
sampl.e 
da·tt-1s 
1976 
Dry lvei.ght (grams) 
C 0 N T R 0 L S C A N 0 P I E S 
--·· --~~ ______ d_, __ h __ _ 
~~----_.,. ____ 
. 
June 12 15(19 11.0 
Jt.me 26 20.lJ: 
July 11 22.,7 
July 27 23e~5 
Au8;ust 10 25o3 
'~ 
Tab1e C-5: Irradiance Reduction Expe~iment: Mean n~~bers o£ leaves per turion 
end variances f:or Zos'tere samples collected during the summer months of: 1976 at 
Lawson's Flats. N= 20 turions per sample. 
.Jn. ];>li11~~ 
JJ;:~ t c !3 
12. Juae 
;:-:.J e •J Ul1C 
]~1-. Ju.J.)' 
:~7. J ttJ.j" 
lJ. J~lt!, .. ~ll:;t. 
~~ 
s 
2. 
s 
v 
-· 
s 
!.; 
., 
,., 
.., 
') 
s : 
1 
r 1 
4.25 
Ll1:6 
3-~0 
0. 9'.:: 
- /'-;;. 0 _, 
o.;G 
:;.S5 
0.~7 
- nco 
.)·--:J 
0.72 
c 0 .tJ T 
2 
:; • .')0 
Ll1 
:;.so 
1.:)9 
3.3) 
0.77 
b., .05 
0 .{l9 
:;.::;o 
a .'rG 
;], . 0 
3 
:').70 
0.~:: 
11.15 
1.1? 
:;;.00 
o.no 
!} • O:J 
0 .'~2 
:;.so 
o .!:.:G 
L S 
~raud 
w:wn(i-r=:'iO) 
,_ n,., 
;; • (.J ._. 
1.00 
- <'n ;;.uo 
1.09 
3-77 
o.J9 
3.')0 
o. j!: 
3 • .110 
o.r;S 
'" A 
].15 
]_.";]_ 
3-55 
l.J.O 
3825 
0.7~ 
3.1.') 
o.;G 
2.35 
0 .lJ:5 
c f.,. II 
y 
11.00 
3. 117 
11.05 
0. ·J.'1 
:-!.')0 
o • .s;2 
3-75 
0. ·~1 
3-20 
o.~o 
0 p I 
'7 
!J 
-:· (' r-
.) . -·.) 
1.' ..:0 
'!:.DO 
1.37 
3 .:w 
0.')1 
:; • '1:; 
o.::;7 
., --,,. _) '.) 
0. 1l7 
·-.. ..~ .:J 
.~l""'~!!.(l 
J:JC;\11 ( :;:: = :)rJ) 
::>.70 
2.11 
3-~7 
l.07 
:;.12 
0.71 
::; • 1r5 
(). !l) 
::.70 
o .Gs1 
..... 
-..! 
\J! 
APPENDIX D 
Zostera Irradiation Reduction Experiment: 
1-\vay ANOVAs, Student-Newraan-Keuls 
tests and t-tests 
) 
17.5 
'l'able D-1. Single classi.f'ication A;;ovA of mean turion 
length f'or each area (three col!trols, three canopies} 
among dates (a:: 5 sample dates, n:: 20 turions per dated .. 
Expcrii:lental Source of 
Area varintion ~-r. _______ s_s ____ J_.r: ____ _!~----~---
Control 1 Anonz dates 
1Jithin dntes 
Total 
---···-------
Control 2 Among dates 
IIi thin da tcs 
Totnl 
4 
_2?_ 
99 
------------------
Control 3 
Canopy Y 
Ar.10ng dates 
l'ii thin da t c s 
Total 
A!il"ng dntcs 
\olith:f.n dates 
Total 
4 
_95 
99 
Among dates 4 
\'li thin da tcs __9.5 _ 
Total 99 
7,702 
57' 01.9 
64~721 
20,431 
1)8 1_.0G5 
89,096 
'9,597 
52 851 
---.t--
62.,lll18 
3,1?7 
.2..?.682 
61,859 
1,300 
43 922 ---·~ 
45,222 
1,92.5 
600 
5,108 
7 ...,~ -:J 
2,:199 
556 
325 
462 
3.208 
.,001 
.. 005 
0.703 n.s .. 
--··---·· .. --.. -----··-------------··-··-------·----·--------
Canopy Z A~ong dates 4 
iH thin dates 95 _ 
Total 99 
4,352 
§3,81~~ 
68,169 
1 1 088 1.619 n.s. · 
672 
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Table D-2. Two-level nested ANOVA, mixed model, of 
mean turion length f'or each sampling date (a= 2 treatments, 
controls and canopies, b= 3 areas within treatmenti, n= 
20 turj_ons within each area). 
~~-->!~~~--· .. 'lili!III=»Q·~~h..-"'"=~~11'1!.~ 
Sampling Source of' 
elate variation df ss HS F' p 
s 
~~ .. ~T•-1> 
12 June Ar.10ng treatr.1onts 1 1,023 1,023 1.423 n.s. 
Areas 1d thin 
treatments l! 2,876 719 2.060 n.s. 
~li thin areas llL 392797 3 119 
Total 119 43,696 
26 June Anong trentments 1 5,686 5,6G6 5.275 n.s. 
,\reas 1d thin 
trea tn1Gnts 4 l} ,313 1,078 1.953 n.s. 
t'!i thin areas lll! 62287) 552 
Total 119 72,87l1 
------... -""'"'._.., 
11 July Among trcatr.1ents 1 10,622 10,622 9.561 .05 
i\rens 1·:-i tllin 
treatments l! 4,442 1,111 1.115 11 .s. 
t;"i thin areas 114 
.1122 ~79. 996 
Total 119 128,643 
27 July Ar.wng treatments 1 9,828 9,328 5.02.7 n.n. 
; Areas 1d thin 
' trca tr.wn t s 4 7,821 1,955 4.:;a6 .005 
~li thin areas lll! 51 2 G~-~ 453 
Total 119 69,291 
10 August Amon~ tr c~n t n:en t s l 13,653 13,1}53 3 .'t .t! 77 .005 
Areas 1d thin 
trcRt.ment'; 11 1,582 39G 0.5f16 n. s ,. 
',lithin a.:--cns lll! 77 1 0S2, G76 
TotD.1 119 92,297 
- - ·-
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Table D-3. 1-\vay AKOVA of: mean turion length among 
areas (3 controls, 3 canopies) on July 27 (a= 6 areas, n= 
20 tm·ions per area). 
Source o:' 
v;·::.·iation df: 
Acong areas 5 
\Vi thin arcus J.lll 
Total 119 
ss 
17,650 
51,642 
69,292 
NS F 
s 
3,530 7.792 
1!53 
p 
.001 
~·---------------------------------------·--------------------
Table D-4. Student-Newman-Kculs test (a posteriori) 
among mean turion lengths f:or July 27. 
df:::: a(n-1):::114 
k L~s.n:. · Conparison Hangc p 
---------------------'-- ·-------
6 
5 
2 
l9 .1191! 
18.642 
15.972 
Control 3 vs. Canopy Y 
Control 3 vs. Canopy X 
Control 1 vs. Canopy Y 
Control 3 vs. Canopy Z 
Control 1 vs. Cano~y X 
Control 2 vs. Canopy Y 
30.9 
20.7 
27.8 
* 
* 
19.4 * 
7.1 n.s. 
Control 3 vs~ Control 2 27.1 * 
Control 1 vs. Canopy Z ll1. 3 n. s. 
13.326 Control 3 vs. Control 1 13.5 * 
* means significantly different at p < .05. 
Hesults: 
Area: Cor.trol 3 Control 1 Control 2 CnnoDy Z ~212}:_~ Ci>nO'JY Y 
~..:: 11_3.S,cm 100.1 em 86.5 cr.t 85.8 em 80.7 em 79.!1 cr.t 
-------------~---------------~-
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Table D-5. T-test comparisons bet1veen mean ttrrion 
.lengths of June 12 (initial sampling) and subsequent 
dates. 
Con 
Con 
Con 
Can 
Can 
Can 
Area 
trol 
trol 
trol 
opy 
opy 
opy 
1 
2 
3 
X 
y 
'7 
l..J 
~"n!.":''.."'t~:z:;'; 
Compu.risons: 
--
26 June 
t p 
s 
2.147 .05 
1.2i6 n.s. 
2.110 .05 
- -
- -
- -
....... --a.;:;.r.;;; 
12 June .(initial) versus: 
·- -
11 July 27 July 10 August 
t p t p t p 
s s s 
- - - -
7. 6011 .oo1 
1.850 n.s .. 1 .. 859 n.s. 6.019 .001 
- - - -
3.795 .001 
- - - -
1.825 n.s. 
- - - -
1.185 n.s. 
- -
1 .. 708 11. s 0 2.092 .05 
-·· ~ -- ~- ·--
........ ...,...,.l.n.....,..,......,.·_ 
Table D-6. 
. ( 
T-test comparisons betweeri gr~nd mean 
turion lengths of controls (pooled) and canopies (pooled) 
for f3ach sampling date. N= 60 turions, df'::: 118. 
---
Sample Dates t 1975 s p 
June 12 o.6s4 
June 26 3ol58 
,July 11 3.259 oOl 
July 27 l!,.li:l6 .001 
August 10 l.t .. 526 oOOl 
-o......----. .. -----~--------------~-~ 
_,.•' 
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1'ablq D··7. Regression ANOVA: Nean turion length 
(X) versus dry ,.;eight (Y) for all areas on all dates 
(n:: 30). H.egression line is plotted in Figure 19. Data 
from tables C-3 and C-4. 
Source o:f 
v.c~riation df' ss 
Explained 1 734.06 
Unc:~plained 28 .. !190. 97 
'l'ot al 29 1225.03 
NS 
7311. oG 
17.53 
/11.86 
p 
.001 
----·--···-~-------·-~--------
Table D-8. 1-'-Tay ANOVA of monn number of leaves per 
turion f'or each area ( 3 controls, 3 canopies) among sam-
ple dates .<a= 5 datest n= 20 turions per date)o 
--------··--
Area 
Source of 
variation df' 
---·----·---------
Control 1 
Control 2 
Control 3 
Canopy X 
Canopy Y 
Anonr; dates 
:.'ithin dates 
Total 
Anons dntcs 
Hi thin r!.-:1tes 
Total 
,\r~wn,?; da t c s 
'.rithin deltcs 
Total 
.A1:1o!l~ dt·~tcs 
\lithin dates 
Total 
.Amo1~~ c}n tes 
~Hthin dutcs 
Total 
4 
_95 
99 
ll 
22. 
99 
l1 
.22. 
99 
4 
95 
99 
ll 
2.2. 
99 
ss NS F s p 
------
10. EV± 2.71 2.980 ~05 
8G.4o o. 91 
97.21± 
-·-------------· 
11.06 1.02 1.171± n. s. 
82.10 o.SG 
86.16 
4.00 1.00 1.613 n.s. 
58.75 o.62 
62.75 
15. 3 1! - (IC ;J • / 1) ll. 4.'19 .005 
flL33 o.89 
100.19 
--------
20.65 5.17 L381 .005 
111.70 1.18 
13:2.36 
-------------------------------------------------------------------------Canopy Z Arnon~ d0.tes 
:·;iti1in clutC's 
Total 
11 
.21 
99 
2::. .t1G 7.12 D.$83 .001 
_7D.02, 0.82 
10G.51 
J.80 
D-9. Two-level nested A?WVA (mixed model) of: mean 
number of: leaves per turion 'for each sampling date (a= 
2 treatments, controls and canopies, b= 3 areas within 
treatments, n= 20 turions within each area). 
·~-------------~ 
·Sar.1plin~ 
dnte 
12 Jtu1e 
Sou:rce of: 
variation 
Amon~ treatments 
Arens ,,-i thin 
trea tr:1ents 
\vi thin are us 
Total 
df: 
1 
ss 
15.133 
16£',. l::]O 
183.991 
-----------------------~----------------------
11. July 
27 July 
10 August 
e 
Among treatments 1 
Areas 'd thin 
treatments 4 
Within areas 114 
Total 
Amon~ treatments 
· Areas \·ri thin 
treatments 
\vi thin area.s 
Total 
Among treatments 
Areas ,.,.i thin 
treatments 
·1\'i thin areas 
Total 
Among treatments 
Areas Kithin 
treatr.10nts 
',{i thin areas 
Total 
119 
1 
1 
1 
4 
J.lll 
119 
o .• ooB 
6.067 
121.05Q 
127.125 
12.675 
1.867 . 
81.050 
95.592 
6.075 
5.500 
§.6.750 
78.325 
18 .t~o8 
91.991 
HS F s 
o.t1o8 0.100 
3.783 2.560 
1. 1t 78 
o.oo8 o.oo5 
1.517 1.428 
1.062 
12.675 
0.467 
0.711 
6.075 
1.375 
o.sss 
2.3n3 
0.562 
'±2 .677 
0.657 
p 
n.s. 
.05 
n.s. 
.001 
n.s. 
11. s. 
n.s. 
.05 
.005 
; ... 
Table D-10. 1-\vay ANOVA of' mean nwnber of: leaves 
per turion among areas (3 control~, 3 canopies) on June 
12 and August 10 (a= 6 areas, n= 20 turions per area). 
~~-------------~~-·--=a·---------------------------------------Sar.~plin.r; 
date 
Source of: 
var:i.«tion d:f ss Ns· F 
181 
f; 
12 June Among areas 
~li thin areas 
15. 51}2 
168 .1150 
3.108 2.103 
10 Au,sust 
Total 
Ar.10ng areas 
1-!i thin areas 
Total 
5 
llll 
119 
183.992 
27. 91f2 
64.050 
91.992 
L'k?a 
5.538 
0.562 
'l'able D-11.. Student-Newman-Keuls test (a posteriori) 
among mean number of' leaves per turion f:or August 10. 
I 
{
NS 't'. w s- = ''~J. j1111 
v -----
- n 
= 0.168 
--
k r,.s.n Comparison Range p 
-
i 
6 o.6G6 Control 3 VS • Canopy :-: 1.25 
5 o.656 Control 3 vs. Canopy z 1.05 
Control 2 'rs • Canopy ,, 1.25 J\. 
4 o.618 Control 
.3 'rs • Cano;::>y y 0 .l±O 
Control 2 vs. Cano;:-'y z 1.05 
Control 1 VS • Ca~10py •'• 0.90 
Control 1 vs. Ca:1o:'Y 7 0.70 LJ 
Canopy y vs. Cano;:Jy X . o.85 
Canopy y VSe Cano])y 7 0.65 '~ 2 0.469 
Canopy z vs 0 Cnno::-y v o. ::!0 
"' 
* means siGnificantly di:ffcrcnt at p(.05 
Hcsults: 
.\rca: 
"• .... . 
~·ol 3 
::;.:Jo 
.S:!!..~~ 
::;.so 3 •. 20 
* 
* 
* 
11. s • 
* 
* 
* 
,, 
* 
11 • s • 
., . 
. .. " . 
p 
n.s. 
.001 
Ct-.nnnv :: 
---
... .., .. 
Table D-12. T-test comparisons be.t.lv.e .. en;•·me.a.n<:numher 
o:f leaves per turion among sampling dates :for each area • 
. 
Cor:1p.:1risons: 12 June (initial) \rcrsus: ~7 July 
'-'"-·-----· versus 
26 June 11 July 27 J,_,_ly 10 Au:u.st 10 i\.U~ust 
•r-·- ·TI~-p- 1 I --Areas t p t p t p t p ::; s s s s 
--· 
;--·· 
Control 1 1.010 11. s. 1.388 n.s. , tJ !, - .05 - 0"' o I .o1 l.lll9 11. s. <:..J. '""'•.; :.> ;; ...... ./ 
Control 8 
- - - -
1. 739 n.o. 0.3:>7 n.s. - -
. 
Control 3 1.010 n. s • 
- - - -
o. 51::~ n.s. 
- -
Canopy. " 1.087 n. s. - - 0-.000 11.n. 2 • 1" 93 .02 3.560 .001 .. 
Canopy y 0,.110 11. s. 2 ·'163 .02 
- -
1. 731 !1e S e 2. 23 5 .05 
Canopy z 0.145 n.s. 2.1127 .05 1. <110 n .s. 5 .lSi!: .001, !1. 392 .QQ;L 
··' 
____ ,_..__.., 
-·--. 
-· 
Table D-13. T-test comparisons between grand mean 
number·s o:f leaves per turion o:C controls (pooled) and 
canopies (pool-ed) :for each sampling date;. N= 60 turions, 
d:f= 118 .. 
sa~·.;~Jlil1S 
j. 
:.latcs 
" s 
p 
i 
12. Juue 0.5:27 11. s. 
,.,,, 
'-"I) • Jm1e 0.033 
11. Jniy L ..,--~ 0 .:. .. .::> :J 0.)01 
,.,.., 
• .. I • Ju}.y 3.1!:::9 0.01 
10. . .'~oP.;:-~ust 5 .u.o 
" 
